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Librascope Shaft-to-Digital Encoders are highly accurate, reliable, shock-resistant, 


new 
noncontact 
magnetic encoder 


MODEL NO. 807 
FEATURES: 


Long life, high reliability, high speed, 


natural binary V-Scan readout. 


SPECIFICATIONS: 
Output Code: natural binary 
Resolution: (per input shaft turn) 
128 counts 
Full Scale Capacity: 7 bits* 
Speed: operating from 0 to 
10,000 rpm 
Life Expectancy: 20,000 hours 
at 4,000 rpm; 4 x 109 revolutions 
Starting Torque: 0.1 in-oz. max. 
Diameter: 2” 
Length: 1 13/16” 
Weight: 5 ounces 
*aLso AVAILABLE IN 13, 17, AND 19 
BiT CAPACITIES. 


NEW CATALOG 
AVAILABLE 
write today 

for your copy 


and versatile... 


ready to serve in a variety of applications including missiles, 
aircraft, machine control, computers, Doppler navigation and data processing. 


Accuracy that counts is the by-word of a Librascope Encoder... backed by the 


superior technology and reputation of one of the world’s largest producers of 
Computers that Pace Man’s Expanding Mind. 


other popular Librascope encoders 


new 
subminiature 
size 8 encoder 


MODEL NOS. 787 & 793 


FEATURES: 


Low torque, low inertia, long 
life, high reliability, withstands 
severe environments. 


SPECIFICATIONS: 


Output Code: natural binary 
Resolution: (per input shaft 
turn) 128 counts 

Full Scale Capacity: 7 bits, 13 bits 
Speed: operating 200 rpm, 
slew 600 rpm 

Life Expectancy: 2 x 106 
revolutions at 200 rpm 
Starting Torque: 

0.5 oz-in. maximum 
Diameter: .750” 

Weight: 3 ounces 


BURBANK BRANCH 


LIBRASCOPE DivisiION 
GENERAL PRECISION, INc. 
100 East Tujunga « Burbank, Calif. 


Code_ 


Binary 0.773 


__| Model no. 
773 


oil-filled unit for increased life 


Full scale 
__ Capacity 


13 bits 


Binary | 
| 707 (707D*) 
| 713 (713D*) 
}717 (7170*) 
|719 (719D*) 


Binary 


| 0-713 


Self-Decoding 
Binary 740 

723 (723D") 

724 (724D"*) 

733 (733D"*) 

[734 (734D*) 
735 


757-S** 


B/C/D 


Sj : 
ine/Cosine 758 
758-S** 


708 


*Contain isolation diodes 
for multiplexing 


iy 
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10 bits 

7 bits 
13 bits 
17 bits 
19 bits 


10 bits 


2,000 counts 


20,000 
3,600 
36,000 
360,000 


4 quadrants 
per turn 


Resolution 
per input 
shaft turn 


128 counts _ 


1024 counts __. 


” 
” 
” 


” 


oil-filled unit for increased life _ 


IT hatte 


1024 counts _4 
200 

x 200 a 
ih 200 

” 200 

a 200 


7 bits per aut 
rant + limit] 


4 quadrants 8 bits er quad 


per turn 


8 bits 


rant + limit 1% 
256 counts 


**Servo driven, 
hermetically sealed 
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Associated Spring Corporation 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. 
F. N. Manross and Sons Division, Bristol, Conn. 

Dunbar Brothers Division, Bristol, Conn. 

Wallace Barnes Stee! Division, Bristol, Conn. 

Canadian Subsidiary: Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. Puerto Rican Subsidiary: Associated Spring of Puerto Rico, Inc., Carolina, Ph 





The wide range of stiffness characteristics 
available in different materials offer unusual 
opportunity to solve spring deflection prob- 
lems. How wide is shown in the chart above. 
The tension springs are all of identical dimen- 
sions but of different materials and indicate 
the relative deflection obtained from applying 
the same load (assuming the stresses are 
within safe limits). This basic principle is often 





Raymond Manufacturing Division, Corry, Penna. 
Ohio Division, Dayton, Ohio 

Cleveland Sales Office, Cleveland, Ohio 

Chicago Sales Office, Chicago 46, Ill. 
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overlooked in the approach to spring selection 
not only of extension springs but other types: 
flat, torsion, etc. Because our daily work in- 
cludes such a wide range of spring usage, we 
are in a position to help you in the early stages 
of spring consideration, both in material selec: 
tion and production short cuts. A handy pam: 
phlet to have at your elbow is our ‘Metal 
Selector.’’ Write for your copy. 


Gibson Division, Mattoon, Ill. 
Milwaukee Division, Milwaukee, Wis. 
Seaboard Pacific Division, Gardena, Calif. 







General Offices: Bristol, Connecticll 


B-G-R Division, Plymouth and Ann Arbor, Midt 
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a quarter-second wink to a two-minute yawn, all 


OFFicEs wrapped up in a relay no bigger than a healthy ice 


MEW ENGLAND ere cube. Called the Type A Silic-O-Netic Relay, this 
Mow 4-000 7 three-ounce time-delay unit offers S.P.D.T. or 
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Cleveland 15, Ohio ' 
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8, 1857 Washington St., West Newton 

Man. 125 PLUM STREET TRENTON 2, NEW JERSEY 
Paintep ar Toe Witson H. Lez Company, 
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BAKER 


instant and automatic 

relief of excess pressure 

with dependable corrosion-resistant 
rupture discs 


PLATINUM 





DIVISION 


In pressurized apparatus subject to corrosive action, pre- 
cious metal rupture discs provide the safest, most accurate 
and dependable relief. Platinum, gold, and silver are now 
generally recognized as specifics when dealing with corro- 
sion, Each is resistant to the corrosive effects of an impor- x 
tant group of liquids and gases and will remain unattacked pe Thermal C 
under conditions that would render many base metal mate- ' ; 
rials useless. These rupture discs, depending on material ~ ie | Coef. Linec 
selected, are guaranteed to be burst +5% of specified iw 
he. ome Hardness 
pressure. Intrinsic value adds to the original cost of these r 
discs but the actual metal value is recovered, no matter how i a ll Tensile Stre 
torn or battered the discs may be. Send for literature. ‘ ’ : 
Magnetic S 








BAKER PLATINUM DIVISION « 113 ASTOR STREET 
NEWARK, N. J. 


fine wire, thin foils, ribbon and LN S ~ tl 


PLATINUM 


tubing in noble metals and . Ne 
their alloys, for all applications. Ws 


The unique combination of properties of the noble metals 
continually recommend them for industrial applications. Our 
modern melting, wire drawing, rolling and heat treating 
equipment coupled with long experience in the field is at 
your service for production of standard and special items. 
WIRES: Bare drawn wire of ductile materials down to .004” 
—High temperature thermocouple wires—High temperature 
furnace windings —Potentiometer and Resistance wires — 
Platinum clad tungsten wire. 
FOILS: In platinum, palladium and gold down to .0001”— 
In iridium and rhodium as thin as .001”. 
TUBING: Seamless in platinum, palladium, gold and their 
alloys. Sizes from .018” with .004” wall up to 1%” with 
042” wall. 

For complete -information write for our leaflets, “Fine 
Wire, Foils, Ribbons” and “Noble Metal Thermocouple Wire”. 


BAKER PLATINUM DIVISION + 113 ASTOR STREET 
NEWARK, N. J. 








DOMESTIC DIVISIONS: AMERICAN PLATINUM & SILVER DIVISION * AMERSIL QUARTZ DIVISION * BAKER CONTACT DIVISION * BAKER DENTAL DIVISION * BAKER PLATINUM 
DIVISION * BAKER SETTING DIVISION * CHEMICAL DIVISION * HANOVIA LIQUID GOLD DIVISION * INSTRUMENTS & SYSTEMS DIVISION * IRVINGTON-BAKER REFINING Dive 
SION * D. E. MAKEPEACE DIVISION * RESEARCH & DEVELOPMENT DIVISION * H. A. WILSON DIVISION. COMPANIES ABROAD: ENGELHARD INDUSTRIES OF CANADA, LTD., 1 SOTA * ENGELHA 
RONTO * ENGELHARD INDUSTRIES LTD., BAKER PLATINUM DIVISION, HANOVIA PRODUCTS DIVISION, LONDON * SOCIEDAD SURAMERICANA DE METALES PRECIOSOS S.A.) BO TOKYO* ENGEL HA 


PROMPT PRECIOUS METAL SCRAP RECOVERY SERVICE » ENGELHARD PROCEDURES RECOVERE °°" 
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gold plating for electrical and 
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Momic Wot. 197.20 = 

Crystal Structure Face center cubic 4.07A° 
Density 20°C = 19.3 G/CM 

Melting Point 1063°C 

Specific Resistance 13.2 OHMS/MILL/FOOT 





Thermal Conductivity 


0.71 ¢ gs UNITS (20°C) 





Coef, Linear Expansion 


14.2 Micro Inches /°C (20°C) 





Hardness 


Rockwell 15 T Scale = 24 





Tensile Strength 


P.S.1 x 1000 = 18 





Magnetic Susceptibility 











.15 x 10°° C.G.S. Units (18°C) 








H. A. WILSON 


electronic components 


Recently, the use of gold electroplates have been extended 
to many new functional applications especially in the field 
of electronics where the tarnish resistance and low electrical 
resistivity of gold are most useful. A complete line of pre- 
cious metal plating solutions for both decorative and func- 
tional purposes are available from stock. 


ATOMEX is a 24K gold immersion solution that permits the 
deposition of a thin, dense, uniform layer of 24K gold on 
printed circuits and metallized plastics by means of a simple 
bath. Atomex deposits.gold by lonic displacement—it is the 
first practical gold immersion solution containing no free 
cyanide. The Atomex deposit is more permanent and less 
expensive than electroplating of comparable thickness. 
Costly analytical control is unnecessary. Write for literature. 


CHEMICAL DIVISION ¢ 113 ASTOR STREET 
NEWARK, N. J. 
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DIVISION 


VE OFF! CE Ss: 


NEWARK 2 NEW JERSEY 
































-R PLATINUM 
FINING DIVE 
a, LTD., 


50S S.A. B08 Ti 


ECOVER 






AUGUST 1960 














Go’ 
Oke RNGELHARD INDUSTRIES S.A.R.L., PARIS * 
O* ENGELHARD INDUSTRIES, PTY. 








THERMOME TAL CONTACTS 


FOR GOLD PLATING 
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CONTACTS 








THERMOMETAL' for dependable 
temperature, electrical current and 
voltage control applications. 


Leading manufacturers depend upon the outstanding per- 
formance of Thermometal in electrical appliances, thermal 
cutouts, heating controls and many other applications in- 
volving the indication and accurate control of temperatures, 
electrical currents, voltages, etc. Thermometal is supplied in 
strip form, rolled and slit to close tolerances and tempered 
to specification. Thermometal elements and sub-assemblies 
are also supplied to specifications, with or without contacts 
attached. Send for literature. 


H. A. WILSON DIVISION « U.S. HIGHWAY 22 
UNION, N., J. 


ENGELHARD INDUSTRIES A/S. COPENHAGEN * GLOVER & GOODE PTY.,LTD., MELBOURNE * ENGELHARD INDUSTRIES, K.K., 
» LTD., MELBOURNE * ENGELHARD INDUSTRIES, LTD., ZURICH * INDUSTRIE ENGELHARD S.P.A.,ROME * GUILIANO STACCIOLI- METALLI PRE- 
S.P.A., ROME * INVERSIONES EN INDUSTRIES NACIONALES, S.A., BOGOTA. ASSOCIATED COMPANIES: KALIE-CHEMIE-ENGELHARD KATALYSATOREN G.M.B.H., HANOVER 


100% OF ASSAYED PRECIOUS METAL CONTENT 


e IRVINGTON-BAKER REFINING DIVISION 
FOR THERMOMETAL 
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New York, N.Y. 

Back in October, 1959, you ran an 
article by M. Glasberg on Predicting 
Response to Modulated Inputs from 
Response to Sine Wave Inputs, which 
claimed to present a “simpler, accu- 
rate, and a cheaper” method of servo- 
mechanism testing than the Servo- 
scope. The article described a method 
of applying the 2-sideband frequen- 
cies of a modulated carrier to the de- 
vice to be tested, but using two re- 
sponses which are combined mathe- 
matically to produce the standard en- 
velope frequency and phase response. 

Theoretically, this method is cor- 
rect. However, it is also a very im- 
practical and cumbersome method 
compared with the servo approach. 

The statement on the Servoscope 
is clarified by the following reasons: 

1. Instead of a single modulation 
frequency being checked at each point, 
each point now requires both side- 
bands. 

2. A special interpolating oscillator 
is required for an input signal. For 
instance, a frequency of 0.1 cycle now 
would require 400.1 cycles and 399.9 
cycles (400 cycle carrier). 

3. The author says “a minimum of 
regular laboratory equipment is 
needed”. Yet, to measure the phase 
angle to any accuracy, a fairly good 
phasemeter would be necessary. 

4. The author admits his method 
cannot be used to test servo motors 
(probably one of the most popular 
components available). This factor 
alone should destroy the usefulness 
of this method in 75% of all applica- 
tions. 

5. This method is of no use at all 
in complete overall open loop measure- 
ments (involving servo motors, tachs, 
servo valves, modulators, demodu- 
lators) and is not capable of the more 
important closed loop measurements. 

The Servoscope prevents none of 
these shortcomings and at the same 
time, it is a self contained unit. 
Donald Jillson, Ass’t. Dir. 

Public Relations 
Smith, Winters, Mabuchi, Inc. 
Agents for Servo Corp. of America 


I have to admit that you caught me pick- 
ing on the Servoscope, but only because it 
is recognized as a leader in the field of 
servo analyzers. I suggest, however, that 
your arguments in favor of servo analyzers 
are somewhat overzealous. 

Your first two points are questionable 
because the sinewave response can be 
measured at any arbitrary frequencies. The 
only requirements are that the frequencies 
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must be close enough together to produce 
smooth curves and that the measurements 
must be made at frequencies above and 
below the carrier frequency. Once the 
smooth curves are obtained, they can be 
used to predict modulated response by fol- 
lowing the directions in the article. 

The third point is also questionable be- 
cause the phase shift can easily be meas- 
ured by superimposing the input and out- 
put sinewaves on the same scope. Super- 
imposing the sinewaves would require 
either a dual beam scope or an electronic 
switch. Actually, if accuracy is not too 
critical, the phase shift could be obtained 
by measuring the phase at the start of 
first the input sinewave and then the 
output sinewave using the carrier signal as 
an external sweep. This last scheme would 
eliminate the electronic switch. Even at 
worst, however, only a scope, an audio os- 
cillator, and an electronic switch would 
be required. You must admit that this 
equipment is more common than a Servo- 
scope, at least at present. 

Points four and fwe I agree with and 
mentioned in the article, but there are 
other ways of measuring response. For 
example, the response to a step input or 
square wave input will produce a fairly 
good measure of the dynamic parameters. 
Also, open loop measurements are not too 
simple even with a Servoscope if dc drift is 
experienced and the system contains in- 
tegration elements. 

A last point, which you did not men- 
tion and which was emphasized in the 
article, is that the Servoscope is hard to 
use if the system output signal contains 
large harmonic, quadrature, or noise com- 
ponents. Under these same conditions 
measuring the sinewave response is much 
simpler and more accurate. 

Martin Glasberg 
Contributing Editor 


... I find ELECTROMECHANICAL 
DESIGN to be the best and most com- 
prehensive publication in my field and 
also the most scarce. 


R. R. McAusland, 
Research Engineer 

Servo & Mech. Dev. Group 
Applied Physics Staff 
BOEING AIRPLANE CO. 


. . . We find the articles in your maga- 
zine interesting and to the point. Yours 
is one of the few magazines that we 
read from cover to cover. 


C. A. Christoff 

Division Head 

Special Products Engineering Division 
Clary Corporation 





. . . We are impressed with the }j 

level and broad coverage of the m. 
terial presented in your journal, 

Allan Andermay, ; 

Phycisigt J 

Solid State—Me 

Atomics Internation) } 
























































... There is a wealth of information) | 
every issue of ELECTROMECHAN. | 
CAL DESIGN that I have seen, 


Arthur Francis Mento |. 
Servo Corporation of Ameria | 









































. . . I have reviewed a borrowed copy 
of the December issue of ELECTRO. 
MECHANICAL DESIGN and find i 
contains an excellent source of refer 
ence articles very much in line wih 
my present work. 


























John W, Galysh, 

Research Engineer 

New Devices Laboratories 
Thompson Ramo Woolridge In. 
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Thermistors 


24 page book describes what thermis 
tors are and what they do, gives sever 
examples of how they are used an 
tells how to solve thermistor problems 
Ratings of a line of thermistors inclute 
resistance-temperature tables. 





Source: Fenwal Electronics, Inc. 
Framingham, Mass. 
For your copy: Write No. 536 on Inquiry Cord 


Fiberglas Components 


Specification handbook covers presttl 
technical limits, advantages, termi 
ologies, production characteristics 

specification outlines for tubular lat 
inated fiberglas components. 





Source: Pacific Lamin tes, Inc. ‘ 
Cesta Mesa, Calif. = 
For your Copy: Write No. 577 on Inquiry ® 








Slip Ring Assemblies 


24 page catalog describes in @ 
the function of the three basic 
of slip ring assemblies. Detail opé 
ing characteristics are given on 
standard slip rings with ring env 
diameters ranging from one in. (07 
in. 
























Source: Breeze Corp., Inc. 
Union, N.J. Be 
For your copy: Write No. 581 on Inquiry 
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WURL ZER DR-5 RESONANT REED RELAY q 





A reliable miniaturized relay featuring anti-vibration design 


inc and application flexibility | 
This new Wurlitzer Reed Relay incorporates shock and Has application in: * Frequency Sensing and Measurement 
; vibration resistance, zero mechanical coupling to support, * Selective Tone Communication and 
Inquiry Car and closely controlled response and hold regions. Control Systems t 
Twin reed configuration based on tuning fork concepts * Frequency Generation ; 
makes the Wurlitzer Reed Relay highly resistant to false * Controlled Sequence Contacting i 
reset operation from shock or vibration. Applications 
TS prew Raitah tanta t han 1.0 milli ¢ Speed Control 
5, termi 296s Peat cd eget enemas Paras * Ground Station Telemetering 
ristics aml 32 channels at 4% increments between 300 to 1000 cps. Available in uncased, hermetically sealed, and plug-in 
bular lam Frequency variation is less than 44% from —60°F to models for frequency range of 300 to 1000 cps. Other 


+150°F. frequencies available on special order. 








Inquiries Invited 
ELECTRONICS AND DEFENSE PRODUCTS DIVISION 
THE WURLITZER COMPANY 
North Tonawanda, 
New York 





Inquiry 


Research 


WuRLIIZER ft? 
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Oscillator Computer 


Electromechahical Resonant Circuit With Variable Spring Constant 

























Motor ce 

















- Escapement 











counter, dial, 


switch, etc. mdi 


armature 
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out 
For a single coil in the field control, 
the resonant frequency of the arma- 
ture is 
f, = (41 (K,/1)* ~ K,” 
(I = constant) 
The force between magnetic 
poles is 
F= ¢7/2pA=>¢? =i? =K, 
therefore 
f, = (K,)* = (i?)* =i 
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Control current l 


and the equation for output shaft 
rotation is 
@our oe fi dt 
For several coils in the field con- 
trol 

f, == (N, iy + No ic gr ie .) 
and 
@our = f (2 Ni) dt 











Fig. 1 Oscillator computer 


with iron armature. 


Combining a simple clock movemetl 
with an electric meter movement, bolt 
products of long and highly skilled 
strument traditions, William H. Bar 
of Hingham, Mass. has_ invented t 
multi-function computing element tht 
takes full advantage of the low om 
and high accuracy of these two col 
ponents. 

Fig. 1 illustrates Barr’s design int 
simplest form. In this configura, 
the balance wheel and hair spring@ 
the clock mechanism are replaced 
an iron armature in a magnetic fel, 
which provides a restoring force # 
the armature similar to that of ! 
hairspring on the balance wheel, cil 
ing the armature to oscillate. ™ 
natural frequency of this oscillations 
proportional to the field control ¢ 
rent. Thus, in effect, the control ¢ 
rent varies the spring constant of 
system. 

A major factor in obtaining ™ 
accuracy in the device is that of = 
ing the oscillation frequency ™ 
pendent of amplitude by shaping™ 
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Force on 


therefore 
= 

and 
®our =. 
For sev 
armature 
fr = [( 
x ( 

and 
Oour = J 
for a p 
Fae ( 

and 
Sour = | 








Fig. 2 Oseill 


magnetic fie] 
force increas 
displacement. 
basic practice 
sign. Moreov 
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Force on armature = 
0, XSi X iy 
therefore 
f, = (ig i,)’? 
and F 
Boor = J (iri,)'* at 
For several windings on the 
armature and field 
fr = [(D Ni, it, + Nosio, . . .) 
X (Nit ire + Noe ioe . . -)]’* 


and 

our = JL(ZNa iy) (ZNz ig)]* dt 

for a permanent magnet field 
f, = (ZN, i,)” 

and 

®our = f (ZN, i,)* dt 











fig. 2 Oscillator computer with coil 
armature. 


magnetic field so that the restoring 
force increases linearly with armature 
displacement. Such refinements are 
basic practice in meter movement de- 
si. Moreover, errors in the meter 
movement tend to be averaged out 
novemell } since amplitude of the oscillation 
ent, boli} covers a wide range. 

killedit} In this configuration, several wind- 
H. Bat} ings can be used on the field control 
vented 44 resulting in a resonant frequency out- 
nent thi} put proportional to the summation of 
low ois} the separate coil quantities—the output 
wo ilk} Hequency is directly proportional to 
the total amp. turns of the input coils. 
ign inb§ Figure 2 shows a variation of the 
iguratith § sscillator computer in which the arma- 
spring @} ture is an oscillating coil, similar to 
laced by that of a moving coil galvanometer. In 
otic fief this case the output would be propor- 
force @ 





tional to the square root of the current 
product of the armature current and 
the field current. 

Several windings could be put on 
both the field control and the arma- 
ture control to mechanize more com- 
plicated computing operations. 

Thus, by choice of configuration and 
application, the output may be pulse 
or rotational rates proportional to a 
current, the sum of several currents, 
the square root of one current, or the 
square root of the product of sums of 
several currents, or the output may 
be shaft rotations proportional to the 
time integral of these quantities. 

The computing elements illustrated 
in figures 1 and 2 are limited to op- 
erations where the input signals are 
positive quantities. A configuration 
that performs these same operations 
given plus, minus or zero input quan- 
tities is shown in Fig. 3. 


APPLICATIONS 


Used with proper transducers, the 
oscillator computer can be controlled 
by almost any function; pressure, 
weight, velocity, radiation, etc. Some 
of the more obvious applications of 
the device are: as electric current in- 
tegrators or totalizers, remotely con- 
trolled timers or programmers, pre- 
cise, variable-speed, remotely con- 
trolled motor governors; to indicate 
total weight of material carried by a 
conveyor belt in any length of time; 
to integrate the quantity of fluid flow 
through a pipe, or provide the rate 
of flow where the equation 
f (xy) de 

must be solved; to indicate distance 
travelled in aircraft where the inputs 
are airspeed and component of wind 
velocity; for general use in controllers 
or computers; as an anologue-to-digital 
converter and computer where the 
pulse rate is proportional to any of the 
above functions; to. solve for the square 
root, etc., of various functions. 

To appreciate the versatility of the 
device, consider how often the above 
functions must be performed and how 
much instrumentation is required at 
present to accomplish them. 
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Fig, 3 Oscillator computer configura- shaft is stationary, although the oscil- 
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Reed Relays 


Use of a short pole piece with a longer 
moving reed permits higher operating 
speeds of magnetic reed switches. The 
hermetically sealed, glass encapsulated 
switch is surrounded by an operating 
coil to provide SP-ST normally-open re- 
lay action. Switch itself is 34” long by 
0.215” dia. and single contact relay 
with coil is approximately 9/16” diam. 
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Capable of handling loads up to 15 
watts and 250 volts, the unit operates 
at a maximum current of 1 amp. Load 
life at one-quarter of maximum rating 
is in the order of 200 million opera- 
tions. Minimum operating power is 
approximately 100 milliwatts. 

In addition to single contact relays, 
other types of packaging are available 
including assemblies consisting of sev- 
eral switches surrounded by a single 
operating coil and clusters of relays on 
printed circuit boards. Struthers-Dunn, 
Inc., Pitman, N.J. 


Write No. 157 in Box on Inquiry Card 
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Laminated Plastics 


12 page manual contains a quick-refer- 
ence chart of characteristics for 21 
commonly-used laminate grades. In- 
formation on how to specify and order 
laminated plastics includes: thumbnail 
description of high-pressure laminates; 
the difference between minimum/ 
maximum property values and average 
values; where and why laminate prop- 
erty values differ from the specification 
properties listed for metals and step- 
by-step instructions on how to use the 
reference chart. 


Source: Taylor Fibre Co., 
Norristown, Pa. 


For your copy: Write Ne. 418 on Inquiry Card 
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NEW BEARING DESIGNS 





avert, 


Fig. 1 Diagram of the Hy-Film 
bearing illustrates operation of 
hydrodynamic oil film. Oil js 


SELF-LUBRICATING BEARING 


PERMAWICK LUBRICANT 
THRUST WASHER 





Rotation on Hydrodynamic Oil 
Film Permits a 20,000 Hour Life 


Lifetime recirculatory oil system, in- 
corporated into a bearing design, 
releases and absorbs oil as required 
to maintain a hydrodynamic oil film 
between a steel inner race and a 
babbitt-lined bushing. Use of the 
oil film eliminates metal-to-metal 
contact, thus minimizing friction 
and vibration. Permawick, a self- 
wicking lubricant, is the sealed-in 
oil supply. Tann Bearing Co., Div. 
of Tann Corp., Detroit, Mich., re- 
ports that their new bearing, called 
Hy-Film, combines the advantages 
of sleeve and ball bearings and may 
be used in virtually any application 
now employing ball bearings. 
According to the company, the 
Hy-Film is the first off-the-shelf 
bearing engineered to support a 
shaft on a hydrodynamic oil film. 
The principle, however, has been 
tested on several million fhp motors 
manufactured within the past five 
years. More than 35 motor manu- 
facturers now use Permawick lubri- 
cant and individually engineered 










Oil FLOW 


BABBITT CLAD 
BUSHING 


THRUST WASHER 
OIL RETURN HOLE 


HYDRODYNAMIC 
OlL FILM 


bushings, slingers, etc. to produce 
a bearing system with a hydrody- 
namic oil film and lifetime lubrica- 
tion. Research with similar bearings 
in integral motors established that 
a packaged bearing in this size is 
more economical than the assembly 
of individual components, thus 
stimulating the development of the 
Hy-Film bearings. 

Units are scheduled for volume 


Oil 
RETAINING 
cuP 


SLINGER 


drawn from reservoir of Perma. 
wick lubricant through bearing 
window. Rotation of inner race 
under load generates hydro. 
dynamic oil film, supporting jp- 
ner race without metal-to-metal 
contact. Oil forced to bearing 
ends by film pressure lubricates 
thrust washer. On leaving wash- 
er, oil is picked up by slinger 
and forced to oil retaining cup, 
It is then reabsorbed by Perma. 
wick through oil return hole 
with impurities filtered out by 
fibers. Hy-Film bearing is said 
to be virtually free of vibration 
and noise and resistant to humid 
and gritty atmospheres. Recom- 
mended operating temperatures 
range from —25 to 200F. 


production by September, 1960 with 
bores from eight to 40 millimeters, 
Prices will be comparable to medium 
grades of ball bearings. Limited 
quantities are now available for re- 
search and development. Curves 
showing the life expectancy at vari- 
ous loads and speeds for each size 
of the new bearing are available 
from the manufacturer. 
Write No. 156 in Box on Inquiry Card 








JEWELLED BEARINGS 


Design Eliminates Vibrations 
and Absorbs Shock 


Designed for all types of indicators, 


sure can be reduced to as little as half 
of the axial pressure. 

Pivot radius can be reduced, result- 
ing in less friction. Pivot point radii of 
15-20 microns with a rotating mass 


which automatically positions the 
jewel in dead center when the outside 
pressure is relieved. Guilding faces 
the taper and the piston are highly 
polished and checked for flatness with 








You 


gages and electrical measuring equip- of 250-300 milligrams have been a microscope. However ¢ 
ment, Uniflex shock absorbing, jewelled achieved. Radii of 5-10 microns and A version of the bearing, with’ § Capability 
bearings are said to eliminate all vi- less are said to be possible. minimum height of only 0.32 inches} and Ampli 
brations of the pointer hand and pro- The jewel is rigid and can move was designed especially for exposu®§ and data 
tect equally against axial and radial only if under pressure from the outside. meters built into cameras. Foster SUP —  temperatu: 
shock. Radial and axial pressure are Design incorporates a tapered bushing plies Co., Chicago, III. mum phas: 
equal, but if desired, the radial pres- and a free-of-play, spring-loaded piston Write No. 158 in Box on Inquiry Card resolvers u 
AMPLI 

NEEDLE THRUST BEARING undesirable sliding friction inherent in proved the unit highly efficient at tem ee Si 
previous all-steel models. Use of nylon peratures up to 350 degrees. 4K tor Z; 

also provides high strength and sta- Needle roller diameters have bees on ingee 

bility combined with non-magnetic and _ standardized at 0.078” for the enliit : : 


Nylon Retainer Reduces Friction 


Improved type of needle thrust bear- 
ing, developed by the Kaydon En- 
gineering Corp., Muskegon, Mich., em- 
ploys a nylon retainer that reduces 
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noise dampening characteristics. 
Thrust capacity is said to be equal 
to or greater than that of all-steel 
bearings and permissible operating 
speeds are said to be greater. Exten- 
sive laboratory and field testing have 





line. Many combinations of bore 
outside diameter sizes are avai 
In addition to its usual applicatioms 
the bearings can replace thrust 
ers in a wide. variety of uses. 

Write No. 165 in Box on Inquiry Card 
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American Electronics’ new Amplifier/Resolver Module 
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| __ RESOLVED 


ae YOUR MOST CRITICAL NEEDS IN COMPUTING RESOLVER CHAINS 


However complex your problem, American Electronics’ Instrument Division has the engineering and manufacturing 

with if Capability to resolve the equation. Advanced designs incorporate the proven performance of AE! amplifierless resolvers 
. inches f and Amplisolvers* for such applications as true heading indicators, great circle navigation and coordinate converters, 
exposut | and data transmission systems. Inherent reliability, complete interchangeability, and maximum stability over a given 
ter Sup f temperature range — typical characteristics of AEIl computing resolver chains — assure high transformation ratio, mini- 
mum phase shift, and functional errors of .05% or better across the chain. Electrical data below shows two typical AEI 











Cord j resolvers used in computing resolver chains. Please write for detailed analysis and discussion of your needs. 

al 
AMPLIFIERLESS RESOLVER — MODEL 11R59F-91F AMPLISOLVER — MODEL 15RA55E-11D 
t at tem § Primary: Stator. Input: 10 volts. Test: 10 volts. Frequency: Primary: Stator. Input: 10 volts. Test: 10 voits. Frequency: 
400 cps. Zno Rotor Impedance (ohms): Stator open circuited, 400 cps. Amplifier Power Supply: 28 + 1 volt, regulated. 

ve beet 54k tuned. Zso Stator Impedance (ohms): Rotor open cir- Input Impedance (ohms): 100K min. Zao Output Impedance 
re enti cuited, 90K tuned. Total Null Vitg.: .015. Max. Error: .1%. (ohms): 270 + j400. Total Null Vitg.: .015. Max. Error: 05%. 
a Transformation Ratio: .600 + .001 R/S. Phase Shift: 0 + .1°. Transformation Ratio: 1.000 + .001 R/S. Phase Shift: 0 +.1°. 

ailable 
iicatiol AMERICAN ELECTRONICS, INC. 
st wash INSTRUMENT DIVISION 


9503 WEST JEFFERSON BLVD., CULVER CITY, CALIFORNIA 
TELEPHONE: UPTON 0-5581 * TWX CVR-CY-4023 
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THE LIQUID LOCK FOR METAL PARTS 
... improves fastener reliability and reduces costs! 


LoctTITE sealant makes ordinary fasteners into lock fasteners at savings of 40%-70%, 
Locking action extends over the entire engaged area providing unequalled resistance 
to vibration ...ends breakdowns due to loosening of fasteners. A single drop of 
LoctTITE replaces all sizes of lock nuts, lock washers, lock screws, jam nuts, staking 


and interference threads. 








~ ELIMINATES LOCK WASHER OR 
SELF-LOCKING SCREW 


Makes ordinary screws into lock screws. Several 
times the holding power at savings of $20/M. 





~ ELIMINATES SELF-LOCKING 
eee NUT OR JAM NUT 


Locks non-seated nuts anywhere along the length 
of thread. 

















~ELIMINATES INTERFERENCE FIT 


Locks studs securely . . . locking action develops 
after stud is in place . . . allows easy-driving Class 
2 threads. End stripped threads, broken. studs, 
damaged castings. 





ELIMINATES DOUBLEM@ET SCREWS, 


SELF -LOCKING SET »JAM ’ » 
NUTS ON EXTENDED SET SCREWS 
OR STAKING 


LOCTITE-treated set screws cannot vibrate loose 
- ... end nuisance service calls. 









~ELIMINATES SELF -LOCKING 
NUT OR LOCK WASHER 


Makes any nut a lock nut. Saves 40%-70%. Holds 


securely where lockwashers fail. Does not depend 
on tightening torque for locking action. 


ELIMINATES SPECIALS OR STAKING 


Makes any threaded part self-locking. 


~ ELIMINATES BLIND 
HOLE TAPPING, SPECIAL 
LEAK-PROOF FASTENERS 


LOCTITE locks and seals threaded parts against 
vibration and high-pressure fluids. 





~ ELIMINATES SELF-LOCKING 
SCREW OR JAM NUT 


Get the right setting the first try . . . no backlash. 
LOCTITE provides the proper amount of drag to 
hold adjustment securely. Permits repeated ad- 
justments. 
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Labor savings are obtained when several days 
supply of threaded parts are treated by tumbling 
with LoctirE Sealant. Treated parts store for days, 
lock only when assembled. Smaller quantities may 
be tumbled by hand in polyethylene bags. Parts 
may be individually treated using applicator 
nozzle on LoctTITE bottle or by using continuous 
feed tube. Parts may be treated after assembly, 
LoctiTE wicks into threads by capillary action. 


LOCTITE Kit No. 10-10 


Contains 10 grades of Loctite sealant specially put 
up to assist engineers in determining proper grade of 
Loctite in product development and for general experi- 
mental work. By selection of proper grade, the designer 
can apply a pre-determined amount of locking torque. 


Write for literature and free sample capsule 


LOGTITE seEALanr 


LOCTITE Sealant is easy to apply... simple to automate 


LoctiTE is a thin liquid that hardens into a tough 
heat and oil-resistant seal when confined between 
closely fitting metal parts. It requires no heating or 
mixing . . . does not air dry. LoctTiTE comes fully 
prepared . . . stores for years . . . hardens only 
when treated parts are assembled. Ten grades pro- 
vide any desired torque to all sizes and types of fas- 
teners. LoctirE-treated fasteners may be removed 
with ordinary tools . . . fasteners may be re-used, 





AMERICAN SEALANTS.COMPANY © 109 WOODBINE ST., HARTFORD 6, cont 
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cOMPONENTS DESIGN 
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Fig. 1 Tiny Sylvania microminiature module performs 
function of conventional printed circuit board many times 
its size, An “exploded” view of the microminiature module 
shows three basic parts used to form the module: a wafer 
element a spacer element and an interwiring board. Wafer 
element maintains a complete functioning circuit stage on 
a surface less than one-half in. square and 1/100th inch 
thick, Entire stage is hermetically sealed at one time by the 
tiny fused spacer element which provides protection from 
the atmosphere and from neighboring circuits. 


Fig. 2 Interconnecting stacked wafers through the vertical, 
“sereened interwiring boards increases the number of cir- 
cuits in substantially less space. The function of a conven- 
Printed circuit board six in. long and 1% in. wide 
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“PANCAKE” TRANSISTOR 


Wafer-Thin Units Triple Printed Board Capacity 


Sylvania Electric Products Inc. has announced the “Pan- 
cake” construction, a new concept in transistor packaging, 
which “will result in a line of miniaturized transistors, one- 
tenth the size and weight of conventional units.” Dr. Wil- 
liam J. Pietenpol, Vice President and general manager of 
Sylvania’s Semiconductor Division, said the new construc- 
tion, developed for the latest microminiaturized circuitry, 
makes possible smaller and lighter electronic equipment in- 
cluding airborne communications and computer systems. 

Sylvania’s “Pancake” exploits the advantages of a proven 
electronic component, the transistor, in a package that of- 
fers maximum strength, versatility, and heat dissipation. 
Conventional transistors (TO-5) use a square or tall out- 
line, approximately .250-inches high, Dr. Pietenpol ex- 
plained. In the “Pancake,” the height dimension has been 
reduced to one-twentieth of an inch, resulting in a wafer- 
thin semiconductor package with extreme ruggedness, re- 
liability, and ease of manufacture. In addition, the diame- 
ter of the new package (.250-inches) is approximately 25 
per cent less than conventional units. 


MINIATURIZATION FOR PRINTED CIRCUITRY 


For insertion directly into printed circuit boards, “Pan- 
cake” transistors may be the “ultimate development” in 
miniaturization, because their tops will be almost flush with 
the boards, according to Dr. Pietenpol. In this application, 
transistors smaller than the “Pancake” design are not pres- 
ently practical, he said, “because transistor leads cannot be 
placed closer on circuit boards presently available. Thus, in 
addition to tripling the density capabilities of today’s print- 
ed circuit boards, our ‘Pancake’ design shifts the focus to 
other components as limiting factor in achieving greater 
printed board component density.” 





can be carried out by a six-wafer Sylvania module %% in. 
high and less than a half-in. square. Relative sizes of the 
printed circuit board and module are shown above. 
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COMPONENTS DESIGN 


An outstanding feature of the new design, the Sylvania 
executive stated, is its welded vacuum-tight seal which 
assures a leak-rating better than 10-® cubic centimeters per 
second, without the use of sealing materials. 

First application of the new construction is in micro- 
modules—tiny building blocks of electronic circuitry. These 
units, scarcely larger than an aspirin tablet, contain a sub- 
stantial number of component parts. “For use in micro- 
modules, Sylvania is presently adapting the ‘Pancake’ con- 
struction to its germanium alloy PNP and NPN transistors. 
Within a few months, we shall begin making PNIP drift 
transistors, and diffused-base germanium and silicon mesa 
transistors,” Dr. Pietenpol revealed. 


DESIGN ADVANTAGES 


“The Sylvania module will accommodate both present 
microcomponents and future solid-state and molecular cir- 
cuits, and mixtures of both, on an economical, reliable and 
maintainable basis,”, according to Mr. G. J. Selvin, Syl- 
vania’s manager of micro electronics. Mr. Selvin sum- 
marized the module’s advantages: 

@ The wafer contains sufficient active area for a func- 
tioning stage of circuitry. 

@ Each circuit stage is hermetically sealed. 

@ There is stage-to-stage interconnection without wires, 
and total assembly plug-in is provided through a module 
interconnecting board. 

@ Construction and seal materials are capable of opera- 







tions at extremely high temperatures. 

@ Construction and assembly methods provide the capa. 
bility for economical, automated mass production. 

@ Construction technique provides immediate capagj 
for packaging 600,000 electronic parts within one cybjp 
foot of space, and future potential for packaging more th» 
30 million parts within the same area. 

® Construction technique is “obsolescence-proof”, sing 
it incorporates film and solid-state developments, expectsj 
over the next five years, that will permit multiple stages » 
one surface area. 





WORTH FILING 


Timing Modules 


16 page catalog contains complete technical data on op, 
trolled solid state timing modules. Sub-miniature size ayj 
weight plus excellent resistance to severe environment 
conditions make the modules particularly suitable for mi 
sile, spacecraft and other critical applications. Basic moduk 
provides a precise time delay between application of inpyt 
voltage and turn-on. Both fixed and adjustable types ay 
available, with time delays from 0.00005 seconds to 3) 
seconds. Set-reset control line allows instantaneous tum-o 
or turn off at any time without interrupting the input vol. 
age. By employing the control line function, with the appli 
cation of various standard logic blocks, a wide variety ¢ 
precision timing devices and controls can be constructed, 


Source: Tempo Instrument Inc., Hicksville, N.Y. 
For your copy: Write No. 540 on Inquiry Card 








These are the reasons that R. C. A. engineers 
gave for selecting a Simplatrol CB-62 electric 
clutch-brake unit for use in its new electro- 
mechanical printer. 

In this high speed application, the Simplatrol 
unit feeds the paper — and indexes it accurately 
for printing. Specially developed in cooperation 
with R. C. A. engineers, the Simplatrol unit gives 
“remarkable consistency”. 

In the tape drive section of the unit, the Sim- 
platrol clutch-brake delivers a smoothness and 
quietness not previously available, and so neces- 
sary in business machines. 


The Simplatrol Diaphragm makes the Difference! 


The only moving port in the Simplatrol clutch and brake 
operation is the patented diaphragm. Simplicity is the key- 
note and the basis of the success of these performance-proved 
clutches and brakes. 


Ask for Simplatrol literature on miniature and small, fixed 
field and larger sizes electric clutches and brakes. Ask also 
for data on adaptation of Simplatrol clutches and brakes to 
your special requirements. 












R.C.A, 501 Data Processing System — Electro-mechanical Printer 


implatrol products corp. 


24-9 SALISBURY ST., WORCESTER, MASS 
Representation in Key Industrial Areas 
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TO THE ENGINEER 









who likes his switching gift-wrapped 








If you want your control functions prewired, 
hermetically sealed in a neat package, tested 
out, and as ready as instant coffee, you’re 
listening to the right people. 


Because AE has a gift for wrapping up 
relays and stepping switches in tidy control 
packages of your design—or ours, if you 
prefer. 


For instance, the control package illus- 
trated houses an AE Type 45 Rotary Stepping 
Switch wired to multiple-pin headers for 
direct plug-in (and we supply the properly 
oriented socket mounting plate). This partic- 
ular job has 462 connections, and could just 
as readily be equipped with MS connectors 
for insertion in matching cable plugs. 


The point is, we’ve been wiring telephone 
switchboards and automatic control devices 
for years, and have the technique down pat. 
So pat that it would probably cost you less 
to let us do the job. 


Besides, AE engineers are past masters at 
designing complex switching circuits. You 
can leave it to them, if you wish, to dope out 
the least expensive way of accomplishing the 
most sophisticated switching. 


How about letting us in on your control prob- 
lem? Just write the Director, Control Equip- 
ment Sales, Automatic Electric, Northlake, 
Illinois. Also ask for Catalog 4083 : ““Hermet- 
ically Sealed Relays and Switches.” 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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ALL-MAGNETIC 


Shaft-Position Digital 


ENCODER 


In any environment, in all applications, 
‘ASCOP magnetic encoders have proved 
to be rugged and tough. Our customers 
say that nothing compares to them for 
endurance and perfect performance 
under the worst conditions. 


Now ASCOP has taken the same unique 
magnetic readout principle and incor- 
porated it into a neatly miniature, rugged- 
ly simple design to read out shaft posi- 
tions to one part in 2)5. Parallel output is 
in binary code and total count is reached 
after 64 turns of the precision shaft and 
gearing. Lead-lag head arrangements 
assure that external decision making 
circuitry is minimized. The new ASCOP 
encoder operates in either direction and 


can be read out at rest or on-the-fly at 
speeds up to 10,000 rpm with equal 
facility. Since the only contacting parts 
are shaft and gearing, these are the only 
factors affecting life. 


Condensed Specifications 


Total Count:........ 2'3 achieved in 64 turns 
of input shaft 
SE. 4 4,00 s'0-ccasceneuteae cain 2%" dia. x 3%” 
MES oc c0dscceoe Binary with lead-lag heads 
GIES 6 sos es ccsecdnecdscbepedbesense Parallel 
Rs nb ccccccconsvesseasecsveccses 16 ozs 
DREN. s.coscccscocsentosepsoveses 70 gm-cm? 
Breakaway Torque:............++ 0.05 in. oz. 
| er ree 10,000 rpm 


Expected Life: 20,000 hrs. at 4000 rpm (ex- 
pected bearing and gear life) 


Brochure, price and applications notes on request 














Electro-Mechanical Research, inc. 


P. O. BOX 44, PRINCETON, N.J. 
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Enclosed Sealing Element 
| Eliminates Leakage 


| Claiming a new concept in oil seal q 
| sign, Chicago Rawhide Mfg. Co., Chi 
_ cago, Ill., has developed a shaft. 








OIL SEAL 


oil seal called Scotseal that AVOids why 
has been recognized as major Causes gf 
leakage. The oil sealing lip is secu) 
and completely enclosed so that § 
seals within the unit and does not cm 
tact the shaft. The sealing surface, ny. 
mally a responsibility of the user j 
provided by the seal. Use of the sel 
contained design precludes damage 
and leakage through improper handling 
before assembly, damage by assemble 
or shaft during installation or by jp 
proper shaft finish. 





Scotseal consists of two parts whit 
have relative motion to each other. Tk 
outer unit is an encasing shell witht 
portion of the inner surface serving # 
the surface against which the sealif 
member runs. The inner unit is i 
metal reinforced synthetic rubber sé 
ing member, because the sealing é 
ment fabrication stays in place 
lubricates the sealing lip throw 
centrifugal action. 

According to Chicago Rawhide, te# 
have shown that the unit seals withod 
leakage and runs cooler with less ffi 
tion and torque. Shafts need not be 
specially hardened, ground or poli 
over area where seal contacts the 

Write No. 202 in Box on Inquiry Cord 
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(ORWARD WAVE AMPLIFIER 


crossed-Field Design Raises System Efficiency 


While details of development of 
gossed-field forward wave amplifiers 
ye classified, Litton’s Electron Tube 
Division is now designing actual spe- 
ie crossed-field tubes. The tubes are 
for pulse & CW applications at a va- 
fiety of frequencies and power levels. 

From experimental results and theo- 
tical studies, Litton engineers found 
that the crossed-field forward wave 
wmplifier provides many advantages 
wer other types of existing and con- 
templated backward and forward wave 
amplifiers. In comparison with the O- 
ype traveling wave amplifier, for ex- 
ample, the crossed-field forward wave 
device offers higher average CW 
power, higher efficiency, broader band- 
width, and smaller size and weight 
per unit of power output. The type of 
fed orientation in the crossed-field 
amplifier allows the microwave propa- 
gating circuit to be wrapped into a 
dreular configuration, resulting in very 
pronounced size and weight reductions 
as well as permitting family type de- 
sign such as is found in magnetrons 
ad backward wave oscillators. Use of 
the crossed-field amplifier, according to 
Litton, will greatly aid in raising over- 
ill system efficiency; use of a perma- 
tent magnet eliminates solenoid power 
requirements and heat generation. 

The non-re-entrant beam forward 
wave crossed-field amplifier has few 
ifthe restrictions of crossed-wave back- 
ward wave amplifiers. Because of the 
absence of electronic or other inherent 
feedback mechanisms, it offers higher 
gin, broader bandwidth, greater 
Power capability, and no noise or 
spurious oscillation in the absence of 


rf drive. 


TWO TYPES OF AMPLIFIERS 


There are, generally speaking, two 
types of forward wave, crossed-field 
amplifiers. The first is an injected beam 
type and the second, a distributed 
emission type. The first type is basi- 
cally a traveling wave tube except that 
the electron interaction is of the mag- 
netron type rather than the klystron 
type as in conventional traveling wave 
tubes. The electron gun has a current- 
less beam control electrode, the accel- 
erator, which is a convenient wattless 
amplitude modulation control; and it 
also has another currentless phase con- 
trol electrode, the sole, which may 
be a very convenient electrical phase 
shift control. 


The second type, employing the dis- 
tributed emission type of forward 
wave, crossed-field interaction is basi- 
cally a magnetron amplifier and is 
capable of high peak power outputs 
or extremely high CW power outputs— 
typically several orders of magnitude 
higher than that of magnetrons be- 
cause the cathode and anode surface 
areas are much greater. Considerable 
thought has been given at Litton to the 
use and design of a distributed emis- 
sion type of forward wave device 
which can operate as a linear Class B 
amplifier. In this mode the beam cur- 
rent could be turned on and off with 
the r-f signal. The initial major effort 
at Litton Industries has been concen- 
trated on the injected beam type of 
tube. 


In magnetron interaction used in this 
tube, the electrons are always phase 
focussed into the spatial phase of the 
r-f wave which is optimum for con- 


INPUT 





SOLE & CATHODE 


version of de energy to r-f energy, 
regardless of the strength of the 
r-f field. The resulting electron 
bunches remain stable and in syn- 
chronism with the growing r-f wave 
throughout the interaction period. In 
these synchronous bunches, the elec- 
trons slowly work their way across 
from the sole to the slow wave struc- 
ture, giving up to the r-f fields the 
energy acquired from moving across 
the dc potential lines. When conditions 
are such that all electrons forming any 
given bunch completely interact and 
are collected on the delay line, the 
tube is operating in the r-f saturated 
region. Collection on the slow wave 
structure itself is normal and_ takes 
place at the relatively slow synchronous 
velocity. Driving the tube beyond satu- 
ration merely shortens the length of the 
delay structure over which interaction 
takes place. Under no conditions of 
linear or saturated operation are the 
bunches put in a position to extract 
rather than contribute energy to the 
r-f wave. One effect of this is that the 
crossed-field amplifier can use a greater 
portion of the cold bandwidth of the 
slow wave structure than its O-type 
traveling wave tube counterpart. 


COMPARISON OF CROSSED-FIELD 
AND O-TUBES 

It is important to note that in the 
crossed-field amplifier, at saturation 
and beyond, there is no appreciable 
change in phase of the bunches rela- 
tive to the space harmonic wave on 
the delay structure. Consequently, 
variation of r-f drive at saturation and 
beyond will have little effect on the 
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Fig. 2. Distributed Emission, Crossed-Field 


Forward Wave Amplifier. 
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Fig. 1 Injected Beam, Crossed-Field Forward Wave Amplifier. 
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HELITRIM® 1/2” SQUARE 
TRIMMING POTS...Now 
available from Helipot at the 
lowest price in history! Model 
70 with Teflon leads, $4.95 and 
down; Model 71 with pins, $5.45 
and down. 

Take your pick: Model 70 with 
leads...Model 71 with pins. 
They'll solve your trimming and 
space problems and see you 
through adverse environmental 
conditions, too! 

They should. They’re the best 
pair of square trims on today’s 
market...at this or any price! 

The reasons? 

Elementary... they offer spe- 
cial features (such as Teflon 
leads on the 70) as standard! And 
both standard models incorporate 
a unique slip clutch stop that 
positively prevents the wiper 
from going off the end of the coil 
and into dead space. (Continuous 
units are available as special.) 

The specs tell the story! Stand- 
ard resistance ranges of 10 to 
50,000 ohms... resolution from 
1.01% at 10 ohms to 0.083% at 50K 
ohms...1 watt power input at 
50°C derating to zero at 150°C! 

And all this performance is 
packed into a 1/2” square all- 
metal housing that’s sealed 
against humidity. 

Convinced? If not, there are 
more persuaders in our catalog. 
Ask for it. 
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total phase shift through the th 
Furthermore, as the crossed-field am i. 
fier is driven to saturation and beyond 
there is no decrease in power Output 
As long as complete electron inte, 
action takes place the electronic of 
ciency remains constant, independen} 
of r-f level, line impedance or fp. 
quency. 

By contrast, electron interaction in 
the O-type traveling wave tube de 
pends on extraction of energy from 
the beam by changes in longituding) 
velocity of the bunches, and cong. 
quently the phase of these bunch 
changes relative to the space hg. 
monics. The magnitude of this phase 
change depends on the strength of th 
r-f wave. Overdriving the traveling 
wave tube causes the bunches 
change phase so radically that they 
begin to take energy from the r-f wave, 
causing the power to fall off; the phase 
shift through the tube then become 
unstable. At saturation and beyond, 
electrons in the beam are in an um 
stable, overbunched condition, causing 
an increase in the harmonic content of 
the output. No comparable problem e& 
ists with the crossed-field amplifier. 

Finally, because of the inherently 
high efficiency of magnetron type in- 
teraction, higher efficiency at high 
power outputs are more readily ob 
tainable from the crossed-field amplifier 
than from the O-type traveling wave 
tube, at comparable frequencies and 
power levels. 

Litton will make information and 
the tube available to properly qualified 
government contractors. 

Write No. 152 on Box on Inquiry Card 
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Nuclear Instruments 


64 page catalog of nuclear Jaboratoy 
instruments and related  accessotiét 
contains complete descriptive inform 
tion and specifications. Among the 
instruments described are _ scales 
ratemeters, spectrometers, geiger, pit 
portional and liquid scintillation @ 
tectors, manual and automatic sample 
changers, data printers, high volta 
power supplies, radiation Teé 
equipment, sample preparation 
handling equipment and _ safety pit 
tection equipment. A ten-page sectill 
is devoted to descriptions of insti 
ment systems designed for 
sample counting applications. 
Source: Tracerlab, 2 

Waltham, Mass. 
For Your Copy: Write No. 472 on Inquiry Cort 
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WEASURING RANDOM SIGNALS 


At 


¥ has long averaging 
= and high peak factor 


since properties of many electrome- 
systems and electronic devices 
mn be studied with greater effi- 
gency with the use of random input 
considerable attention has been 
towards the problem of analy- 
ss and measurement of these signals. 
“Engineers at Flow Corp., Arlington, 
Wass, involved in the design of a true 
ms voltmeter specifically for random 
imal work, defined two major prob- 
jms in measuring random signals: (1) 
ndling the peak values without over- 
iad or cutoff (2) averaging time must 
jeas long as possible in order to obtain 
he correct sum of powers for frequen- 
ies fairly close to one another (e.g., in 
jamow-band spectrum analysis). 





PEAK VALUES 


Peak factor of a signal is defined as the 
mtio of the peak value of the signal to 
istms value. Peak factor of a meter 
means the highest peak factor the me- 
fercan accept without overloading, the 
ms value of the signal being such as 
t)make one expect the meter to read 
itfull scale. (Of course, switching to 
mother scale will allow the meter to 
woid this overloading, but the reading 
wil now be at the low, inaccurate, end 
of the scale). 

The thermal readout device (de- 
sribed in Fig. 1) in Flow Corp.’s volt- 
meter provides for a full scale peak 
factor of ten. This means, for example, 
that rectangular pulses re-occurring at 
periods up to 100 times their duration 
can be read correctly, even at full scale 
position. (Fig. 2 illustrates that the dis- 
tance the peaks can be separated and 
sill have the meter read correctly at 
full scale, depends on the square of the 
peak factor. ) 


AVERAGING TIME 


To illustrate the problem associated 
a short averaging time, suppose 
that a Signal, after filtering, consists of 
tactly two frequencies, one of 1 
volt rms at 1004 cps and the other of 
Ivolt rms at 1006 cps. In a conven- 
meter, readings will oscillate be- 
two and zero volts, with an os- 
frequency of two cps. The 
Werage of these two readings will be 
as compared to the correct 

mS value of 1.41 volts. This discrep- 
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Fig. 1. Interval block diagram of Flow Corp.’s Model 
12Al random signal voltmeter. In order to permit 


high-peaked signals to be 


read correctly at full scale, 


the readout device employs forty-five thermocouples in 
series so that a temperature rise of 10 C is enough to 
give full-scale meter reading. Heating elements are of 
carefully chosen mass/conductivity ratio to give the 
long time constant of 16 sec. In tests, high-peak tran- 
sients producing short duration temperatures as high 


as 200 C (measured at the 


heater core) have been read 


out without damage. Thus the peak factor is limited 
only by the maximum excursion of the output tube 


and overload protection is 


automatic. The readout ele- 


ments have been used directly at frequencies from de 
to several megacycles without error; the frequency 
range is limited only by the associated amplifier. No 
transformers are used since the readout device has an 
input impedance of ten K and an output impedance 
of 100 ohms. Since the long time constant is achieved 
in the readout device, the averaging characteristic of 


the indicated panel meter 


attached to its output in no 


way affects the measurement. The internal signal is 
generated through Zener diode clipping, providing an 
extremely stable reference signal independent of line 
voltage and ambient temperature. Power supply in- 
cludes a line voltage regulator, and amplifier circuits 


are feedback stabilized so 
will rarely be required. 


ancy is due to the quadratic calibration 
of meter faces. What is needed is an 
average of needle position, rather than 
a reading average. While mental time 
averages of needle position may be pos- 
sible in the above illustrated case, the 
superposition of additional frequencies 
(always present even in sharply filtered 
signals) produces a needle movement 
of such complexity that the determina- 
tion of the average rms value of the 
signal becomes exceedingly difficult. 

The use of a long time averaging- 
circuit in Flow Corp.’s Model 12Al1 
voltmeter overcomes this difficulty, giv- 
ing in the above example, a steady 
reading of 1.41 volts. To avoid any 
awkwardness associated with waiting 
for the long time averaging of 16 secs, 
a rapid response circuit is included in 
the unit. Merely throwing a switch 
gives an approximate reading so that 
the .right range for the slow-response 


that calibration adjustments 


position may be chosen. Also, use of a 
special thermal bias circuit increases 
the rapidity of obtaining a reading in 
the slow-response position. 


REVIEW OF AC MEASURING DEVICES 


Engineers at Flow Corp. summarized 
the several types of true rms meters 
available as follows: 

@ A dynamometer is an instrument 
similar in construction to a D’Arsonval 
instrument except that the permanent 
magnetic field is replaced with a coil of 
wire. The deflection of the pointer is 
proportional to the product of two cur- 
rents. The damping serves to integrate 
the torque variations and the deflection 
can be made proportional to the square 
of the rms voltage applied. These in- 
struments can be made with high accu- 
racies but have limited frequency re- 
sponse. 
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Fig. 2. In the case of a simple rectang- 
ular signal, if A is the peak value of the 
pulse, then the rms value is easily cal- 
culated to be A (t/T)*2, so that the peak 
factor is equal to (T/t)*?. Thus the cri- 
terion as to how far the peaks can be 
separated and still have the meter read 
correctly at full scale depends on the 
square of the peak factor rather than 
on the peak factor itself. A true rms 
meter with a peak factor of three, reads 
correctly, at full scale, up to T/t = 9; 
Flow Corp.’s model 12A1 will continue 
to read correctly up to T/t = 100. 


@ Iron vane instruments also re- 
spond to the rms value of the waveform 
but can seldom be used for anything 
other than power frequencies. 

@ Electrostatic voltmeters can be 
made to indicate the true rms value of 
the waveform applied. They have the 
advantage of high impedance at low 
frequency. Their disadvantage is their 
limited sensitivity. 

@ Electronic rms meters are based 
on a parabolic-transfer characteristic 
Cout = ke;,? 

The average output voltage can be 
read on a dc meter and is the square 
of the rms value. Unfortunately the 
parabolic transfer characteristic is dif- 
ficult to achieve accurately over a wide 
dynamic range. In some cases it is 





approximated with straight line seg. 
ments, but a large number of segmens 
is required if the error is to be 
small and a high peak factor is to hy 
provided. 

@RMS voltmeters have been og, 
structed using various analog compy, 
ing techniques for multiplying two yy, 
iables. In this case 

Cour = eC} €? 
The voltage to be measured is fed jy 
as both variables and the average gf 
the output is the square of the ms 
value. These techniques offer great 
flexibility but the instruments are very 
expensive. 

@ Thermocouple instruments, based 
on the measurement of thermal energy, 
respond to dc up to tens of megacyeles, 
For example, vacuum thermocouple 
have long been used for rf measure. 
ments, but unfortunately they are eas. 
ily susceptible to damage due to over 
loading unless the peak factor is severe. 
ly limited. 

@ Flow Corp.’s_ signal voltmeter 
uses an electronic thermopile (45 cop. 
per constantan thermocouples bonded 
to a resistance element) that combines 
the advantages of the broad frequency 
response of a thermocouple instrument 
with the high sensitivity of a vacum 
tube preamplifier. The voltage to be 
measured is amplified and applied toa 
highly stable resistance material which 
is bonded to silica and surrounded by 
an inert atmosphere. The resistor cor 
verts the voltage into thermal energy 
which is then measured by the eee 
tronic thermopile and read on a pr 
cisely-calibrated D’Arsonval meter. 

Write No. 171 in Box on Inquiry Card 
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Fig. 3. Although Model 12A1 was designed for random signals, its reliable reat 
out and high-peak factor are useful also in the measurement of low-frequet 
and highly-peaked periodic waveforms, such as those encountered in non-line# 
servo-mechanisms and programming systems, sub-harmonic ferro-resonant 


lems which arise in magnetic amplifiers, mechanical vibration systems or § 


hakers 


and recurrent pulse loading devices. The voltmeter contains an extra scale 
brated for direct correlation measurements (—1 to -+-1, zero to center), An ® 
cessory unit, Model 13Al Random Signal Correlator, is available for me 


the correlation number directly. 
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WATT-HOUR METERS 


Magnetic Thrust Bearing 
Key to Friction-Free Design 


Magnetic bearing systems of an entirely new type have 
replaced conventional ball-and-jewel bearings in a line of 
single-phase 120/240-volt watt-hour meters designed by 
Westinghouse Electric Corp. In these meters, disk-and-shaft 
assemblies are supported in space by the magnetic repul- 
sion between two tiny rings of barium ferrite, a ceramic 
permanent-magnet material of exceptional stability and 
strength. Mounted so that their fields are opposed, these 
rings serve as the two “working surfaces” of a frictionless 
thrust bearing. Supplying the slight lateral forces needed 
fo restrict horizontal movement are stationary pins within 
gaphite journals which serve as guide bearings for the 
upper and lower ends of the shaft. 

In describing the development, T. D. Barnes, engineer- 
ing manager for the meter department, said that the new 
Magnethrust bearing design would be used in all single- 
phase meters produced by Westinghouse after June 1, 1960. 
He also indicated the new D2S meters would be priced com- 
petitively with existing designs and would also display new 


Fig.1 In the Magnethrust bearing sys- 
tem, two rings of barium ferrite are die- 
cast mounted in steel flux-return cups 
that are precisely machined to close 
tolerances of concentricity. When as- 
senibled as a working bearing, with the 
tings in repulsion and one-fiftieth of an 
inch apart, this limited air gap and low 
flux leakage combine to contribute high 
magnetic efficiency, vertical “stiffness,” 
and virtually no susceptibility to ex- 
ternal magnetic fields. Independence 
from external fields can be verified by 
noting the absence of magnetic attrac- 
tion on iron held adjacent to the bear- 
ing system. At the upper and lower ends 
of the rotating system, the guide bear- 
ings that restrain side thrust on the 
thaft combine polished and hardened 
throme steel pins and journals of near- 
pure graphite. Both upper and lower 
pin-and-journal pairs are loaded very 
conservatively. Pressures are only three 
stams at the top bearing and less than 
Seven grams at the bottom bearing at 
maximum meter load. Life tests con- 
at maximum torque under a 
variety of test cycles have produced no 
ible wear after 100,000,000 

shaft revolutions. 





improvements in the light load adjustment, dual-voltage 
performance, stability, and corrosion resistance. 


DESIGN ADVANTAGES 


Among the advantages cited by Mr. Barnes for the new 
bearing systems over existing designs were the ability to 
withstand shock and vibration well above levels encoun- 
tered during transit, immunity to thermal shock and en- 
vironmental change, tolerance to off-vertical installation, 
and, particularly, its ability to serve for “at least 30 years” 
without maintenance. 

Playing a major role in the new design are the unique 
properties of barium ferrite, a ceramic magnetic material 
produced by sintering barium carbonate and iron oxide. It 
is the only known material that displays its full magnetic 
stability at its greatest magnetic strength; it thus does not 
require any back-off of magnetization to achieve maximum 
magnetic stability. A second important property is that it is 
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COMPONENTS DESIGN 


nearly impossible to cause any appreciable decrease in mag- 

netic strength of barium ferrite except in a well-equipped 
laboratory. This property is particularly desirable in watt- 
hour meters since it contributes a high degree of immunity 
to tampering or damage by current surges. In addition to 
its purely magnetic properties, barium ferrite also is well- 
suited for use in watt-hour meters because of its chemical 
inertness, its imperviousness to temperature extremes, its 
low density, and its high electrical resistivity. 


DUAL RANGE DEMAND REGISTER 


At the same time it announced the new bearing design of 
their watt-hour meter, Westinghouse also stated that their 
new Mark I demand registers permit conversion of watt- 
hour meters to watt-hour demand meters. This equipment 
is identical to watt-hour meters except for the addition of 
the demand register and its necessary components: two 
lead connections for the motor and a large glass cover 
with a mechanical reset. The mechanical demand register 
gives a combination of the kilowatt-hour consumption, just 
as does the standard kilowatt-hour register, and in addition, 
gives the maximum kilowatt demand over a definite time 
interval by means of a pointer moved over a graduated de- 
mand scale. 

The Mark I register, according to R. V. Adams of West- 
inghouse’s Meter Department, will be available in all re- 
quired capacities, and with a combination Class 2 and Class 
6 scale range or a combination Class 3 and Class 5 scale. 
Intervals will be 15, 30 and 60 minutes with the provision 





Breaking the 
speed barrver! 


Oil-impregnated phenolic retainers 
in MPB's series M and FM (flanged) 
high-speed miniature instrument 
bearings mean maximum lubricant 
retention, long service life at speeds 
of 300,000 RPM or higher. For details 
on this series, write Hank Eckert at 
Miniature Precision Bearings, Inc., 
1308 Precision Park, Keene, N. H. 
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Fig. 2 Barium ferrite has no minor hysteresis loop, as the 
residual induction (B,;) is constant after being demagnel- 
ized temporarily by force equal to its inherent H, of 1800 
oersteds. Solid line is original induction curve; dotted line 
that of flux return after demagnetization. Exceptional stabil 
ity is evidenced by fact that fields of 20,000 amp turns/in 
are required for magnetization. Other materials such as a- 
nicos of Curve C, require an initial normalizing to provide 
minor hysteresis loops (C, and C,) for full reversibility. 


that up to 4 hours intervals can be made. The Mark I easily 
mounts on all “D” line watt-hour meters without extra trant 
fer gearing or meter recalibration. It is available with 4 ord 
interlocking or noninterlocking kilowatt-hour dials. A clutch 
in the motor gear train allows advancement of the time it 
terval mechanism by hand. An indicator on the front 
the register shows how much of the time interval bi 
elapsed and when the interval is completed. Only thre 
adjustments are necessary for calibrating the register: two 
zero adjustments and a black pointer friction adjustment, 
all of which are on the front of the register. 


DESIGN FUNCTION 


Although the new Mark I mechanical demand register at 
complishes the normal functions of a demand register 
that is, it provides both a kilowatt-hour reading and a dé 
mand reading—it does it in a unique way. The most itt 
portant of its distinctions is that the register has two oP 
perating ranges and is hence actually two registers in on 
The two demand ranges allow installation for high 
and also has the ability to be changed in the field to meet 
future higher loads. In this equipment, the demand rang 
can be changed simply by reversing the scale plate on 
front of the register. In so doing, a tab on the scale 
depresses a pin that performs a simple gear change 


ELECTROMECHANICAL DESIGN 
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fig. 3 The meter disc shaft drives the worm wheel on 
shaft (1). Shaft (1) turns shaft (2) which turns shaft (10) 
the kilowatt-hour gear train and the pointer shafts (11) 
(12) (13) (14) and (15). Shaft (2) also turns shaft (3) 
yhich is the dual range shaft. Both shafts (2) and (3) have 
two gears and pinions which change mesh when the scale 
plate is reversed to change the range. As an example of 
these steps, to change from one range to another range, the 
sale is reversed. The tab seen at the left (near the 0.1 grad- 
ution) depresses shaft (3) which is then put under spring 
tmsion. This action disengages a gear and mating pinion 
om shafts (2) and (3) and automatically engages a different 
gar and pinion on these two shafts. This change in ratios 
automatically corresponds with the graduations of the scale 
desired, due to the contour of the scale plate. The dual 
mnge shaft (3) turns shaft (4) which turns the demand 
dutches on shaft (5) alternately depending on which clutch 
is engaged. Each clutch on shaft (5) turns its mating 
gear on shaft (6) when its clutch is engaged. Shaft (6) 
tho has two pushers which work with the two correspond- 
ing clutches and push the demand pointer upscale to 
indicate the demand. The time interval is established by the 
operation of a synchronous motor as it drives through a 
fear train to a cam which trips the clutches and returns the 
pushers to zero by its action on two sector gears, Operations 
are as follows: Crown gear shaft (25) is turned by the out- 
pat shaft of the synchronous motor. Shaft (25) turns shaft 
(2%) and the driving disc on this shaft turns shaft (27) 
Which turns the time elapsed indicator shaft (30) and also 
has a driving disc which turns shaft (28). Shaft (28) drives 
the cam shaft (29). The cam on shaft (29) performs a dual 
function: A. It pivots a lever arm which rides in the center 
ithe cam and engages a clutch for the interval. On the 
text interval the cam pivots the lever arm in the opposite 
direttion and engages the opposite clutch. B. The top outer 
surface of the cam depresses a spring on the corresponding 
teelor gear on shaft (7) and drives the pushers on shaft (6) 
zero. The cam action always returns the disengaged 
pusher to zero before the end of the interval and keeps the 
datch open time to less than 1 second. 


tum doubles the range of the demand portion of the 
legister. However, this does not affect the kilowatt-hour 
fearing or reading. By designing the demand register to 
ge scale tab gears, positive interlocking between scale 

ing and gearing is provided. 
A second feature is that the time required to return the 
pointer to zero at the end of each interval has been 
from typical values of 6 to 7 seconds to practically 
wt. To do this, two pusher pointers are used alternately. 
ver from one pusher to the other is accomplished 
by snapping an armature from one magnetic clutch to an- 
at the end of each interval. The unused pusher pointer 
tetumed to zero by cam action from the motor gear train. 


Write No. 163 in Box on Inquiry Card 
AUGUST 1960 
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AUTOMATIC a 

A flexible 
FAILURE — 

for use in 
various moc 
A photogra) 
LOCATION simplified s 
vice. The 0 

By D. H. Breslow,* etal 

a 
Raytheon Co., Wayland, Mass. sere 
always star’ 
A Building Block Approach to its home po 
Reliable System Maintenance actual starti 
switch, or it 
Restoring operation of complex military and industrial module’s output signals, assumed that all inputs were some. home oe 
systems rapidly in the event of malfunction requires some —_ how known to be good. This article, attacking the first of = th 
form of automatic fault location, especially where repairs the two problems, will show how building block logic may Aas 

have to be made by relatively unskilled personnel. be applied to using FIM’s as sources of test signals for _ eo - 
Using a building block approach to this problem in the other FIMs. Fo ae 
battery control center of a missile system, Raytheon has In a complex system, two principal methods for insert KP et - 
developed high-performance automatic fault location ing test signals can be used—parallel or series program ald to 5 


equipment with minimum complexity. The flexibility of the ming. Parallel programming means adding (logically ane 
building block technique makes it applicable to many other signals to existing lines without breaking the original lines analyzer des 


systems. An example of the parallel type is adding simulated video is acceptabl 
' The object of the fault location system is to localize mal- through a mixing diode to a radar output. Ser ies prograit- 

functions to specific replaceable assemblies. Many authors ming involves adding information by substitution of th 

have noted that modular construction with a sufficient system variable. An example of the series type is the 

stock of spares at the point of use offers a method of mini- _— switching in of 3 wire synchro information via a set of 1 

mizing repair time. Previous papers by W. B. Bishop and _lay contacts. Both types of programming involve adding 

by the author, have demonstrated that the use of failure- | extra paths to the system. This series type may lead 

indicating modules (FIM) can greatly minimize the time degradation of reliability if carried to excess. 

spent locating the defective module. In most systems, some amount of each type of program 


Basically, two things must be done to test a module: 1) ming can be expected. However, it should be kept toa 
A standard set of inputs must be supplied. 2) The outputs | absolute minimum for reasons of reliability and economp 
of the module must be checked with the standard inputs Examination of the block diagram of most systems It 
applied. veals that the outputs of most modules eventually becom 

A building block solution to the second of these two the inputs of other modules. Hence, in a properly chos# 
problems has been thoroughly discussed by the author. test sequence, the outputs of modules known to be got 
(See Failure Indicating Modules, Electromechanical De- can be regarded as a set of standard input signals for St 
sign, Dec. 1959, pg. 18). Basis of this solution is a new ceeding modules in the system. 
waveform sampling device called a comparator network 
that converts ordinary modules into failure indicating B C 
modules (FIM). Each module contains sufficient com- 
parator networks to represent its performance by a single 
de test voltage on a go/no-go basis. These failure indicat- 
ing modules in turn are building blocks for systems. The 
comparator network is truly a building block. It can be 
designed with parameters such that it is universal for an 
entire system. Its flexibility is further insured by the fact 
that all reference voltages for the compared signal are gen- 
erated external to the comparator. G H —> 

The article cited above, being concerned only with the &@ 
second problem—applying the comparator to checking a 
*Now with Baird Atomic Inc., Cambridge, Mass. Fig. 1. 
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Typical system block diagram. 
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Recall that each module to be tested is of the FIM type. 

problem of failure location then resolves into answer- 

ing the following question: Does a module in an apparent 

state need replacement, or does it show failure be- 

wuse of trouble elsewhere. This question can be answered 

ina single and straightforward manner by application of a 
juilding block logic. 

A block diagram of a system is presented in Fig. 1 to 
iustrate how the methods of building block failure loca- 
jon might be applied. 

The logic necessary to scan the input-output test signals 
may be either of two principal types: sequential or com- 


binational. 


ANALYZER OPERATION 


4 flexible analyzer, capable of being used as either a 
gquential or a combinational tester, has been developed 
for use in systems where the output test signals of the 
various modules have been reduced to a single test voltage. 
A photograph of this device is shown in Fig. 2. Fig. 3 is a 
simplified schematic diagram showing the logic of the de- 
vice. The operation is as follows: 

When a malfunction occurs, the tester, which consists 
fa rotary stepping relay and suitable control circuits, is 
darted by applying a signal called START. The test set 
always starts from its home position; before it can leave 
its home position it must pass a series of self tests. The 
actual starting signal may be obtained from a push button 
switch, or in some cases, it may start automatically. In the 
home position, the cam-operated off-normal switch of the 
stepping relay is in the position shown. The start signal, 
which is the nominal level of a test signal in the failure 
sate, is applied through the off-normal switch to both the 
SKIP and STOP relay circuits. The step relay coil circuit 
is energized through series connected contacts on the 
SKIP and STOP relays. Both SKIP and STOP must be op- 
aated to start the test sequence. If either is faulty, the 
amalyzer designates itself as a failure. When the analyzer 
is acceptable, energizing the coil of the stop switch causes 


it to advance one step, releasing the cam-operated off- 
normal switch. The series connected contacts on SKIP and 
STOP then loose control of the step relay coil. The start 
signal applied simultaneously to the SKIP and STOP re- 
lays is also removed when the off-normal drops out. 

Once the test set has passed its own self-tests the opera- 
tion may be readily understood through an explanation of 
the STOP and SKIP circuits. Note that when the step re- 
lay leaves home, the STOP relay is connected so that when 
it is operated the stepping relay coil is de-energized, halt- 
ing the step relay. The bank of the step relay that controls 
the STOP relay is wired with the test signals of the modules 
that are scanned, so that the STOP circuit tends to stop the 
test sequence whenever a bad test signal is located. How- 
ever, the SKIP circuit is wired so that a normally open con- 
tact on the SKIP relay is in parallel with a normally closed 
contact on the STOP relay in the step relay drive circuit. 
If SKIP is energized, the step relay coil will be energized 
regardless of the state of STOP, causing the test sequence. 
To the positions of the SKIP banks are applied the test 
signals of the modules driving the module whose test 
signals are applied to the STOP banks. 

The STOP bank of our test set in Fig. 3 is wired as it 
would be for the hypothetical system of Fig. 1. If only 
serial logic were desired, then this bank would be the only 
requirement of the test set to locate the defective modules. 
If combinational logic is desired, then the SKIP banks and 
the SKIP circuit must be added. The purpose of the SKIP 
bank is to cause the test sequence to continue until a 
module is located which has an acceptable set of input 
signals and a faulty set of output signals. The presence of 
the SKIP circuit makes the logic of the test sequence com- 
binational, since there is always information present con- 
cerning the state of the driving modules. The number of 
SKIP banks needed is equal to the number of inputs of the 
module with the greatest number of inputs. In our ex- 
ample, two SKIP banks are sufficient since no module has 
inputs from more than two other modules. When combina- 
tional circuitry is used, the order of testing is arbitrary. 

The combinational logic is not acceptable when feedback 
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Fig, 2 Representative test set module. 
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BOARDMASTER VISUAL CONTROL 


Gives you a Graphic Picture of your operations, spot- 
lighted in color. You See what is happening at a glance. 
Facts at eye level—saves you time, prevents errors. 

Simple, flexible—easily adapted to your needs. Easy 
to operate. Type or write on interchangeable cards, snap 
in grooves. Ideal for production, scheduling, sales, traffic, 
inventory, etc. Made of metal. Compact, attractive. 





Complete Price $4950 Including Cards 
FREE 24-Page Illustrated Booklet AK-20 
Mailed Without Obligation 
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- .. and Ball Bearings, Torsion Bars, 
Stamped or Machined Parts, Cable, etc. 


Eigiloy is a cobalt spring alloy with remark- 
able properties: Resists corrosion, tem- 
perature, set and fatigue; has greater spring 
effectiveness, is non-magnetic. If your 
components require any of 
these properties, write or 
call Elgin today. Ask for the 
Elgiloy Data Book. 
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SYSTEMS DESIGN 


paths, such as the one between modules G and H in Fig. | 
are present. In this case, the test set would be unable » 
designate either module as a failure, since, if there jg, 
failure in the loop, both modules will show apparent failup 
and both are capable of inhibiting each other. There ay 
three possible solutions to this problem: 

e If the feedback path is one of location of cireyit 
rather than one of a true feedback loop, then relocating 
the circuits to obtain a series connected logic flow wij 
solve this problem. 

e If the circuits cannot be relocated, the various teg 
signals may be expanded so that a test signal will not jp. 
clude a whole module, but rather only a portion needed tp 
establish a straight line flow. 

e If the feedback path is a true feedback path, they 
there are two options: a) Open the feedback loop with 
suitable programming and locate each module on an open 
loop response basis. b) Check the modules on a closed loop 
basis and make any failure indications and ensuing repais 
on a matched pair basis. 

The SKIP banks are wired for the example of Fig | 
The wiring for modules G and H is not shown since this 
wiring will be a function of how the feedback path 
handled. 


SELF TEST OF ANALYZER 


Self test features of the test set are very important, Th 
test set is the link that sifts the failure symptoms anl 
energizes the failure indicator. Since complexity of the tet 
set approaches that of a typical module, a self failure it 
dication is needed for system continuity. The test set de 
scribed has a fairly simple logic which is easily checkel 
by switching over from parallel to series operation and it 
suring that all relays are capable of operation witht 
nominal failure test signal. 

The two diodes whose anodes are connected to the witts 
of the SKIP banks form a very important OR circuit. I 
either diode should open or short, the SKIP circuit would 
malfunction, and the whole purpose of the combination 
logic tester would be defeated. Accordingly, a built in tet 
has been included to check these diodes. The entire ct 
cuit details of this test would complicate the simplifie 
diagram greatly, but they can be briefly listed here. 

To check the diodes in the reverse direction, the anodes 
are grounded and a signal is applied to the common cat 
odes. The equivalent circuit is as follows: 





Equivalent Circuit 
(reverse short test) 
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In the reverse leakage test, the output voltage is: 
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he anods | Three standard groups: (1) Well-type, for sensing case tem- 

mon cit peratures, (2) Duct-type, for gas or fluid temperature, (3) 
Surface-type, for “area-contact” temperature sensing. Can be 
ordered direct from catalog. Complete, ready to mount. Meet 
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from under the seas... to the edges of space...and beyond 





VAP-AIR MERC THERMOSTATS 


have proved outstandingly accurate and de- 
pendable for the most critical thermal sensing 
and control applications in missiles, aircraft, 
ground support and undersea equipment. 


The Army Ballistic Missile Agency has for two years 
accepted Merc thermostats as standard temperature con- 
trol items on all their missiles. 


Time after time, Vap-Air mercury tube thermostats have 
proved their exceptional ability to meet the most exact- 
ing specifications for thermal sensing and control. Small, 
lightweight, they are unaffected by altitude or moisture, 
can’t arc or burn, can withstand 100-G shocks and 30-G 
vibration without loss of accuracy. They have fast re- 
sponse, close limit tolerances, wide operating ranges, and 
undeviating accuracy to provide millions of cycles of 
reliable operation. Mercs need only simple circuits, are 
adaptable to virtually any need. 


2 INCHES LONG 


WELL-TYPE 


VAP-AIR—SPECIALISTS IN AIRCRAFT 
‘TEMPERATURE CONTROLS FOR NEARLY 20 YEARS 


Entire systems and a complete line of sensors, electronic, 
magnetic amplifier and transistor controls, precise voltage 
regulation, static inverters, electro-pneumatic and electro- 
mechanical valves, advanced in-line pneumatic valves and 
regulators, electric power controllers and heat exchange equip- 
ment—for aircraft, missiles and ground support, 
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Mueller Electric now manufactures 
and sells one unit every second of 
every hour, every day of the year. 


Thank you! 
Write Factory for Free Sample Clip and Insulator. 
Mueller Clips —“Perfection for Quick Connection” 
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Laminating and coating papers 


® Developed to your requirements for performance under 
conditions of moisture, mold, fire, low temperatures, etc. 


© Ideal for laminating with foil, glassines, films, etc. ... for 
coating with waxes, plastics, resins, organosols, plastisols. 


® Uniformly hard, sound rolls without soft spots or corruga- 
tions. Free from shives, other imperfections. 


®@ Basis weight and caliper across the sheet plus other specific 
characteristics will be uniform from roll to roll . . « from 


MOSINEE 


PAPER MILLS COMPANY 
Mosinee, Wisconsin Write dept. EMD-8 
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By adjusting R,,; of the test power supplies, you om 
measure the back resistance of R jac, Of the combinatig 
Too low a value of R jack of either diode causes the oy 
put to be too low. In the actual test set, a fixed faihy 
level voltage is applied to STOP, which causes the test 
to halt. The value of test output is then used to opera 
SKIP. If test output is too low, then the leaky diodes ay 
designated, since the test set can’t be skipped forward, ~ 
Opens are checked by programming extra positions of 
the test set with simulated SKIP signals and using these jp 
cancel an internal STOP command. Reverse leakage coulf 
be checked on an individual basis, but there are not q 
ways sufficient extra positions. Hence, the group revery 
test is advantageous in that stepping relay capacity ig y 
unduly consumed on internal tests. 4 
Other functions performed by the analyzer are to pr 
gram command signals, and where required, substitute te 
signals where the equipment cannot supply its own. 
required are signals to indicate which portions are being 
tested, means for cascading test sets, and means for 
setting the tests should it be desirable to restore nom 
circuit operation from the test mode. By providing a SKIP 


circuit and combinational logic, the flexibility of the test 
set is greatly increased with little engineering effort. This 
is because STOP and SKIP are identical circuits up to the 


wiring of certain relay contacts. It is possible, by proper 
design of the test set, to place it on the same modulap 
building block basis as the comparator such that the sam@ 
unit can be used to test a wide variety of types of circuily 
and logical configurations. ; 


. 


a 


BUILDING BLOCK APPLICATION 


Automatic fault location systems composed of the 7) 
basic building blocks (comparator and test set) are char 
acterized by rapid fault location ability with a minimum 
of test equipment and a minimum of engineering desig 
time, once the blocks have been designed. a 

Engineering time needed to design the necessary té 
equipment can be minimized when off-the-shelf logic éé 
ments are available. The comparator is flexible enough & 
that it can be applied as a basic component. Although a 
curves are available, all that is required is a simple seta 
curves showing the reference voltage needed to show’ 
desired failure level for a few typical waveshapes, Om 
these curves are obtained, the application of the 
parator is considerably simplified. The test set develope 
for the Raytheon Battery Control Center is somew 
specialized but the logic needed to locate the defecti 
module is applicable as a basic building block to ot 
systems. 

The design philosophy which led to the development 
the basic building blocks was to provide a simple and! 
liable system of rapid fault location capable of detecti 
a minimum of 90 percent of those faults that would sé 
ously impair system operation. Analysis showed that 4 
attempt to indicate over 95% of failures would greatly 
crease the complexity of the test equipment. The buildil 
block test equipment with a capability of locating am 
mum of 90% of all faults is less than 10% of the e 
ment complexity. Moreover, the test equipment is om 
centrated in the common synchronizer portion 
equipment so that this key section has considerably higi 
than 90% fault location ability. 3 

The comparator is a complete logical package which | 
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Here’s how Skinner two-way 
valve design provides long lasting, 
trouble-free operation 


e Underwriters’ Laboratories approved 
Stainless steel internal parts resist corrosion 


Forged naval brass body 


Famous Skinner V5 solenoid operator 
Well rounded main orifice and pilot seats 


A—Transparent view of normally open 2-way R type 
valve with piped pilot exhaust return i 
B—Coil C—Sleeve, plunger and spring assembly hb 
D—Piston assembly with soft synthetic insert %) 






















































When you have high-flow control problems in standard and explosion-proof construction, 
at standard or high pressures the new Skinner To make installation easy for every appli- 
two-way R series valves may be the answer. cation, a wide choice of electrical housing 6| t 
These pilot-operated solenoid valves are de- options is available. These include JIC, AN ass- 
signed for use with air, oil, water, inert gases connector, automotive terminals, etc. All 7 
and other common media at operating pres- housings can be rotated 360°. Manual over. 
sure differentials of 5 up to 1250 PSI. They ride is also offered to permit manual opening 
may be used for all types of control appli- of normally closed valves, or closing of nor- 
cations, such as: in high-pressure lifting, mally open valves, in emergency. 
commercial laundry equipment, machinery, Skinner R series valves may be used with 
machine tooling, spraying, etc. all common voltages and frequencies and 
Skinner R series two-way valves have there are several coil types such as: varnished, ‘i 
forged naval brass bodies to provide a dense molded waterproof, tropicalized and high 
metal structure and use a foolproof stainless temperature for specific applications. V ti 
eee steel piston with soft synthetic insert to The R series, illustrated here, is just one ersati 
nn aes open and seal the main orifice. Types are in a complete range of 2-, 3- and 4-way 
NORMALLY CLOSED TYPE R2 available normally open or normally closed, Skinner solenoid valves. S 
f 
Ss 
TWO-WAY R SERIES SPECIFICATIONS > 
R2 R2H RP! k 
Types 2H 
yP XR2 XR2H name XRPI e 
Position Normally closed Normally closed Normally closed Normally open 
Pipe Size (NPTF yn yy" yy" yy" 
Dry Seal) 
Orifice Size 3<¢” yi" 4” yy" 
Cv Factor -758 -758 -758 -758 
Operating Pressure 
Differential (PSI) 
Minimum 5 5 5 5 
Maximum AC Service 200 1250 ~ 150 
Maximum DC Service 200 500 1000 150 
Leakage Bubbletight Bubbletight Bubbletight Bubbletight 
Temperature Range Minus 40°F to Minus 40°F to Minus 40°F to Minus 40°F to 
(Ambient and Media) plus 180°F plus 180°F plus 180°F plus 180°F 
When you specify solenoid valves, specify Skinner. Skinner solenoid valves are distributed nationallyey 


For complete information, contact a Skinner Distributor 
listed in the Yellow Pages or write us at the address below. . 
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SKINNER ELECTRIC VALVE DIVISION, 
THE CREST OF QUALITY THE SKINNER CHUCK COMPANY e¢ NEW BRITAIN, CONNECTICUT, U.S.A. 
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Glass-to-Metal Seals for the Space Age... 6 


MULTI-LEAD HEADERS 
CONDENSER SEALS 
INDIVIDUAL TERMINALS 


ri 


d 


at the 
WESCON 
SHOW 
visit 
BOOTH 
718 


Versatile in Design — Dependable in Performance! 


Specify the seals employed by leading manu- 
facturers for complete reliability in vital 
space age programs and critical commercial 
equipment. E-I hermetically sealed termina- 
tions and custom sealed components have 
proven their ability to withstand the extreme 
environments encountered in today’s most 





Write tor Complete information = 
on standard seals, special types or custom 
sealing service including miniature closures 


Canada, No. 523,390; 
ingdom, No. 734,583; 
+S. under No. 2561520 


critical applications. In addition to their 
demonstrated dependability in all types of 
commercial and military service, E-I offers 
engineers widest possible design flexibility 
...a complete line of standard seals, design 
service on “specials”. ..and custom sealing 
of assemblies of your own manufacture. 


(e) 


. we a —-A 
Ni a 


and color-coded terminals ...or ask E-I 
engineers for recommendations on your spec- 
ific sealing requirements. 


ELECTRICAL INDUSTRIES 


MURRAY HILL, NEW JERSEY, U.S.A. 


A Division of Philips Electronics &€ Pharmaceutical Industries Corp. 
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Your initial purchase price 
is only a fraction of the true > \ 
cost of your components | 


We can reduce your cost, 
because ELECTRO-MEC precision ne | 
potentiometers and digitometers - f% 7, SN@ 
are delivered i ( 


| 
| 
@ on time S | 


@ with certified calibration 
data, including recordings 
of output function for both 
linear and non-linear 
instruments 


Therefore you 


> 


Save on receiving inspection 
cost 


> 


enjoy assured pertormance 
after installation 


incur no production 
schedule delays. 


4 


You can rely on the experience 
and workmanship of 
ELECTRO-MEC 


RELIABILITY 
= LOW COST 
























Only a few of our instru- 
ments are shown here. 






Write or phone our engi- 
neering department. 
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SYSTEMS DESIGN 


actually an elementary analog to digital converter, Ty 
device is flexible in application, and accommodates deg, 
changes by the simple expedient of changing a refereng 
voltage. Danger of test equipment obsolescence ig thy 
minimized. The comparator is basically a very reliable dp 
vice. This reliability stems from many sources. The deyj 
is simple, consisting of passive components. The com, 
ponents are of the highest quality available and are 
conservatively derated. Components that do not fail safe 
are paralleled for greater reliability. An interlock is pp 
vided so that in some_cases removal of the comparator frog 
its socket will be cause for a failure reading. The devigg 
has the capability of indicating that a signal has degrade 
to a certain level and can thus indicate when an a 
should be removed for preventive maintenance, 

Capability of the test system to supply its own te 
signals has several advantages. Test equipment comp 
is minimized and all operating circuits are checked undg 
dynamic operating conditions. The actual loads and ge 
cuit configurations into which the system must work ap 
connected. Switching and data handling circuitry and gp 
tems, characterized by a small amount of input data by 
with complex operations performed on this data, are ag 
vantageously handled. 

Advantages of an automatic fault location system syp 
thesized by the building block approach are 

© Reliability 
Flexibility 
All readings are of the go/no-go type 
Test equipment is a small fraction of total system siz 
Test equipment is self testing 
Engineering design time is minimized 

e System is capable of being maintained with relativey 
unskilled personnel 

e Marginal and degradation tests are possible 

e Most tests are made under actual operating condition 





Transistor Thermal Test Set 


A special nomograph included in a transistor thermal i 
set permits rapid determination of the transistor and diode 
junction temperature. Temperatures are read directly oni 
meter scale from accessories which include small them 
electric junctions, a thermometer probe and _evacuiltl 
glass enclosed thermocouples. Ambient temperature Ci 
pensation is automatic. No batteries or other external pow 
is required. Rescon Electronics Corp., Waltham, Mass. 
Write No. 603 on Box on Inquiry Card 


High-G Rotary Accelerator 
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Compact centrifuge tests subminiature electronic and é 
tromechanical components up to 20,000 Gs of accele 


Designed especially for testing transistors, relays aud cot 
ponents up to four ounces in weight and one cubic 5 ij 


in volume, the High-G rotary Accelerator consists & 
welded steel test stand and an aluminum rotating @ 
Incorporation of an air motor achieves vibrationless { 
output. The motor, which drives the spindle, is opé 
by the expansion and velocity of compressed air and 
quires 30 cubic feet per minute at 90 pounds per 
inch. Unit exhibits a speed variation of less than 1%, # 
resolution of better than 0.1% and full speed from s 
still in less than 20 seconds. Rotation of the eight inch 
can be measured at low speeds to an accuracy of +@ 
count per ten second interval. Schaevitz Engineering, 
sauken, N.J. 

Write No. 512 in Box on Inquiry Card 
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gmog Free Power for Cars 
fxide Industrial Division of The Elec- 


‘fie Storage Battery Company, Phila- 


delphia, has signed agreements with 
j2 of the nation’s material handling 
quipment manufacturers to jointly de- 
yelop an adaptation of the Exide fuel 
ell to power electric industrial trucks. 
Exide states it has overcome some 
major obstacles in converting fuels di- 
ely and continuously to high sus- 
tained electric currents at nearly nor- 
gal temperatures and atmospheric 

s in a family of long-life fuel 
gis. Eventually, they state, their de- 
ylopment could lead to the conversion 
fom gasoline engines to smog-free, 
jeatly silent electric power for auto- 
mobiles and street trucks as large as 
conventional vehicles with speeds and 
driving ranges adequate for modern- 


day needs. 


RECHARGEABLE ZINC OXYGEN UNIT 


Aiteady beyond the basic and applied 
research stages in the development of 
it least one type of fuel cell—a re- 
thargeable zinc-oxygen unit that is the 
forerunner of other cells—Exide be- 
‘Teves that within a few years it can 
develop practical cells, capable of be- 
ing mass produced, that will be several 
times more powerful per cubic foot 
tin any fuel cells so far demonstrated. 
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‘By using zinc as the fuel—com- 


m oxygen as the oxidizer—Exide 
+} MS produced a cell of “great sim- 


icity” and of “unusual” design that is 
ttikingly different from most previ- 
announced models which use 


4 faseous fuels: 


# operation at nearly normal tempera- 


. tures and pressures 
| * 20 waste products to be removed 


ability to be scaled up or down in 
®and electrical capacity for a wide 
ge of power requirements. 

p agreements with the materials 
g equipment manufacturers— 
the entire industry—means 
the mettle of Exide’s fuel cells 
will be tested thoroughly in rugged, 
MPshitt lifting and hauling opera- 






Besides having greater power poten- 
a'than other fuel cells now under 








y of = 0 . 
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: tion for early application, 
Claims its zinc-oxygen cell also 
advantages of having virtually 
ical limitation on its physi- 





































We talk a synchronous 
motor language 
at Bristol Motors! 


And that means your language. 
Whatever your needs—we can 
answer them quickly, economically, 
perfectly—with dependable 
synchronous timing motors from 
our standard lines—or 

with motors built to your exact 
specifications. Speed ranges 
from 1800 rpm to 1 rp month. 
Shaft length, voltage variations, 
shift and brake action and 

other special features can be 
engineered to your requirements. 
Ask for the Bristol Motors 
Representative in your area— 
write for new Catalog 160. 


BRISTOL@ MOTORS 


Division of Vocaline 
Company of America, Inc. 
210 Coulter Street, 
Old Saybrook, Conn. 
Dept. ED-8 
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Norden V-Disc Shaft Position Encoder 


—is the smallest size of its type to meet MIL 
specs 


—gives 25% longer life than conventional V-brush 
type... at higher speeds 


This Norden V-disc design, transferring V-brush 
logic to the code disc, permits precise single-line 
brush positioning. Radial displacement of the 
brushes reduces wear, theoretically by one-half. 


LONGER LIFE—IMPROVED PERFORMANCE 


e Three brushes in parallel for each contact reduces 
noise 


e V-disc pattern and in-line brushes hold tighter 
switching angle tolerances 


e Precious metal brushes mated to micro-finish 
pattern disc during run-in 


° Meets Military Specifications MIL-E-5272A and 
MIL-E-5422D 





Characteristics of three of Norden standard 
V-disc shaft position encoders: 
ADC-ST7- ADC-13- ADC-19- 
MODEL BNRY-X BNRY-X | BNRY-X 
Total count 2? 213 219 


Revolutions for 1 64 4,096 
full count 


Accuracy—l1 part in: 128 8,192 524,288 
Length (less shaft ” ” ” 
extension and header) \% 2% 3% 
Life 4X10® revolutions at 200 rpm 
Diameter 1.750” 

Mounting Size 18 Standard BuOrd Synchro Mountig 


RELIABILITY IS DESIGNED IN... AND BUILT | 
BY UNUSUAL MANUFACTURING CONDITIONS 


Scientists and military electronics experts testify 0” 
Norden’s unusual quality control techniques. En 
coder parts are manufactured, assembled, inspectét” 
and reinspected with extreme care in positive 
pressure, dust-free, temperature-controlled labor 
tories. Norden’s exceptional design and productii 
facilities are the foundation of encoder reliability, 
Detailed manufacturing control specifications @ 
available for your inspection. 












































Consider your requirements, then send for complete specifications and drawings for these 
or any other Norden encoders. Write or call Milford, Connecticut, TRinity 4-6721. 


NORDEN DIVISION 
UNITED AIRCRAFT CORPORATION 


MILFORD DEPARTMENT, WILEY STREET, MILFORD. CONNECTICUT 
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ENGINEERS ARE a curious lot; a breed apart. Their 
natural preferences for facts, their talents for logic 
have been trained and disciplined. 


- The result many times...an uncommon, refreshing 
way of expressing the well known...a direct, succinct 
méthod of stating the complex. 


Here is an actual example. It is a composite of 
sketches made by one of our Engineering Supervisors 


& Engineers / Scientis: 


j 


f 


/ 


j 


during a discussion of General RagPElectric’s unique 


Salary Administration Program. — 


Circuit engineers will have little trouble in reading 
it. Others may have more difficulty. All may wish 
additional detail. For this, as well as other informa- 
tion regarding the unusual professional and out- 
standing personal opportunities awaiting you at 
General Electric's Heavy Military Electronics Depart- 
ment, write in confidence to George B. Callender. 


HEAVY MILITARY ELECTRONICS DEPARTMENT 


GENERAL @@ ELECTRIC 


Div. 29MH, Syracuse, New York 


+ * ° * ° e 2 * ° » ° e ° ° s . * ° e ° 


° s * ° ° e ° e * e * ° * . * . o * 


There are ofenings for graduate engineers at intermediate (3 or more years) and high levels of experience in the following 
areas: Weapons Systems Analysis; Mathematical Analysis of Engineering Problems; Military Communications Systems; Radar 
Systems; Weapons Control Systems; Electronic Circuitry; Experimental Psychology--Human Factors; Instrumentation. 
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ratchet 
terminals 


For mounting circuitry, they’re neater 
-- quicker -- and cost a lot less 


N 
i 
3 
























What could be neater? Or quicker? Leads 
are locked firmly. There’s no pre-forming. 
No feeding through holes. No wrapping 
around a post. In experimental circuitry, 
components can be snapped out, re-used. 
In production equipment, terminals can be 
staked quickly, automatically or by hand. 
Components can be mounted in place and 
soldered on production line basis. Heat is 
dissipated faster — in the terminal, not in 
the component. 

Best news: the cost... far lower than 
conventional terminals. Average price: 
about %¢ apiece. 




















Alden miniaturized ratchet terminals are 
part of an integrated building block system 
that lets you lay out and package a single 
unit or a complete electronics system with 
“off-the-shelf” Alden components for 
olug-in, modular construction. 

For complete information, write: 


A\L DEN) 


PRODUCTS COMPANY 
8138 North Main Street, Brockton, Mass. 
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SYSTEMS DESIGN 






Fig. 1. Prototype fuel cell, which pro- 
duces electricity directly from chemi- 
cals, provides power for racer. Of un- 
usual, simple design, the zinc-oxygen 
cell will be developed first for electric 
industrial material handling trucks. 
After testing in rugged, long-shift lift- 
ing and hauling operations, the cell 
might be adapted to automobiles and 
street trucks. Exide’s cell, several times 


cal size and being adaptable to mass 
production methods. Thus, it should be 
capable of being packaged economi- 
cally to meet a wide range of power 
demands. 


CELL DETAILS 


Fuel cells, essentially advanced types 
of storage batteries, are capable of 
power efficiencies at least double the 
40 percent maximum efficiencies of the 
best conventional engines and genera- 
tors. They have no need for intermedi- 
ate steps of combustion or steam pro- 
duction with resulting losses of power 
through heat or friction. In Exide’s 
zine-oxygen cell, zinc is oxidized in a 
potassium hydroxide electrolyte as oxy- 
gen is admitted under low pressure. 
Exide predicts that such a cell will 
provide enough power to keep an elec- 
tric industrial truck going continuously 
in heaviest-duty service for 16 to 24 
hours before the fuel cell would need 
to be recharged. This particular Exide 
zinc-oxygen cell can be reversed (re- 
charged electrically) to restore its full 
power potential, eliminating any need 
to remove waste products, a serious 
problem in the practical development 
of other types of fuel cells. 

If, on the other hand, the vehicle 
operates continuously, another design 
can be used in which the zinc elec- 
trode can be removed and charged 
outside the cell or replaced. The zinc 









more powerful ‘per cu. ft. than any 
fuel cell yet demonstrated, conceivably 
could be used in smog-free, nearly silent 
vehicles as large as conventional ones, 
with speeds and driving ranges ade 
quate for modern-day needs. Tank at 
end of racer contains oxygen that is ad. 
mitted by low pressure to the cell where 
power is produced by oxidizing zine 
fuel in potassium hydroxide electrolyte, 


oxide of the discharged zinc electrode 
is valuable recoverable material and 
could be turned in for credit, thus 
reducing cost of a replacement element. 

Exide states its first cell resists con- 
ditions that shorten the lives of other 
types of fuel cells: 


@ is unaffected by saturation of elec- alg 
trodes with electrolyte if oxygen sup an 
ply is low or cut off; 95% of th 
@ will operate efficiently at high cu- It means 
rent densities; quality whi 
@ avoids excessive corrosion caused in | “ Mainta 
other types of cells by high temper sponsibility 
tures and pressures; tinuous Qu 
@ has elements that are stronger, of | quality pro 
more rugged construction, for life CPPC h 
longer than most other fuel cells. desion; as 
The elements of the zinc-oxygen ning, | 
also promise to speed the development Servo pz 
of several other fuel-cell systems by shown on t 












Exide because they: 


@ have higher electrical conduetitilf 
than those of other fuel cells; : 
@ have more uniform reactivity 
the current-producing surfaces; 
@ can be produced in a variey@ 
shapes, thus adaptable to many 
cell designs; 
@ are capable of being mass proautes 
At this comparatively early stage@ 
development, Exide believes tat? 
zinc-oxygen cell will cost less to? 
and operate in industrial material B®} 
dling equipment than gas or prop q 
power units. 
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BUY Cppe 
QUALI 


IN . a SERVO MODULES 


Indesigning and producing servo modules to your speci- 
fications, Clifton Precision Products Co. manufactures 
95% of the parts used. What does this mean to you? 
It means that the same high accuracy, reliability, and 
quality which go into the manufacture of CPPC synchros 


are maintained in CPPC Systems. This one source re-: 


sponsibility gives you the added advantage of a con- 
finuous Quality Control activity which guarantees a high 
quality product. 


CPPC has had years of broad experience in researching, 
designing, developing, and manufacturing a wide variety 
of servo packages. A few examples of our products are 
shown on this page. Here at your service is a first class 


engineering design and manufacturing team from re- 
search through production. 


Write for a more detailed facilities brochure or telephone 
Ken McGrath, Sales Department, HIIltop 9-1200 or our 
Representatives. 


RODUCTS CO., INC. 


Clifton Heights Pennsylvania 
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SYSTEMS DESIGN 


ELECTRO-PNEUMATIC CIRCUITS 


Fast-acting Air Valves Operate Differential Cylinder 
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Fig. 1 Door operator for the end doors is controlled by 


an Airmatic DSV-3 valve and an Airmatic 33851 valve. A 
clevis mounted on the end of the piston rod applies pres- 
sure to the arm that closes the door. The DSV-3 valve 
(normally closed) is energized continuously holding the 
valve open. Valve 33851 is normally open. When it is not 
energized, air passes through to the right side of the 
cylinder. To open the door, the time delay relay is ener- 
gized which in turn energizes valve 33851. When this 
valve closes, all the air is directed to the left end of the 
cylinder and the piston is exhausted through the 33851 
valve. When the 33851 valve is de-energized, it opens and 
part of the air supply again goes to the right end of the 
differential cylinder and the balance of pressure forces 
the door closed. Two springs, one in tension and one in 
compression, hold the door closed in case of either air 
or power cut-off. 












































EXH. 


CYL. 


Fig. 2 The Airmatic DSV-3 valve, normally closed, sup- 
plies air to the door operator. The valve, energized con- 
tinuously while the train is operated, is designed for long 
life by eliminating sliding parts and rubber or composi- 
tion seals. Two stainless steel balls that fit into precision 
ground valve body seats function as seals, When the valve 
is closed, air provides positive shut-off equal to a ball 
check valve. At the same time, a floating pin held between 
the two balls opens the cylinder port to exhaust. Valve 
does not depend on spring pressure to seal. The higher 
the pressure, the better the seal. 
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Safety, reliability and ease of operation were the major 
design criteria in the development of an automatic contro] 
system for passenger-operated doors in railway cars, 

To achieve these goals, the controls had to be such that: 

@ the door would be normally closed. 

@ a push button opens the door. 

@ the conductor could open door and hold it open upon 
arrival at station. 

@ Door closes automatically after passenger walks 
through. 

@ door has a reversing switch. 

@ door remains closed during power failure. 

Door operators, based on the differential cylinder 
principle, were designed by Owosso Div. of Midland-Ross 
Corp., Owosso, Mich. The door operator for the end doors 
is shown in Fig. 1. Two Airmatic valves that control the 
differential cylinder are shown in Figs. 2 and 3. 


CONTROL CIRCUITS 


End doors and the vestibule doors have similar electrical 
systems, as shown in Fig. 4. When the conductor sets a 
double throw, double pole switch to automatic operation, 
the DSV-3 valve is energized and is in the open position; 
the 33851 valve normally opened, is not energized. Under 
these conditions the door is held shut. 

When a passenger wants to pass through the door he 
presses a button which energizes a time delay relay which 
in turn energizes the 33851 valve. The door opens in three 
seconds, the relay holds it open for one second and then 
cuts out which de-energizes the 33851 valve and the door 
closes. Should the door strike an object while closing, a 
reversing switch is closed which completes the energizing 
circuit for the relay, permitting the door to open instead of 
continuing to close. The reversing switch completes the 
circuit in the same manner as the passenger switch. 

When the train has come to a stop and the conductor 








IN 


CYL. 3385! SOLENOID VALVE 








Fig. 3. Path of air in the door operator is controlled by Air 
matic 33851 solenoid valve. Air enters at “In” and pas 
through to the cylinder. When the valve is activated the 
plunger moves down which prevents air from 
through the valve. While the valve is closed, air from the 
cylinder can exhaust through. Containing only two movilif 
parts, the spool and the spring, valve has a life of 0 
20,000,000 cycles under normal operating conditions. 
mum operating pressure: 200 psi with a 1/8 in orifice; it 
rush current: 0.218 amp; holding current: 0.309 amp. 
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DOOR = DOOR OPERATOR 


Fig.5 Hydraulic and electrical circuits for the center doors 
are controlled by the conductor. One car is designated (by 
setting the zone switch) as the one from which the conductor 
will control all the center doors. With this system, the con- 
can open and close the doors of the car he is in, those 

of all cars ahead or back, or all the cars at once. Doors can 
°perated from a different car by changing zone switches. 

































SOLENOID 
VALVE VALVE 


Fig. 4 Double throw, double pole switch set by conductor 
is at the upper right; button operated by the passengers is 
at top center. DSV-3 solenoid valve is directly below the door 
operator; 33851 solenoid valve, controlled by a time delay 
relay, is at the left. When the switch is on automatic, the 
DSV-3 valve is energized and held open. The 33851 valve is 
normally open when not energized. Hence air is directed to 
both sides of the cylinder and the balance of pressures holds 
the car door closed. When a passenger presses the button 
switch, the time delay relay and the 33851 valve solenoid 
are energized, closing the valve; all of the air goes into one 
side of the door operator cylinder and the door opens. When 
the time delay relay cuts out the 33851 valve, the door 
closes, Should it strike an obstruction a connection is again 
made from D to E and the door opens. The limit switch is 
open only when the door is completely closed. When the 
conductor’s switch is on open and the passenger button is 
depressed, the time delay relay is continuously energized and 
the door is held open until the conductor switch is moved to 
off or automatic. 


wants the doors to remain open, he throws his switch to 
“open”, and pushes the passenger switch. The door is held 
open after the pushbutton has been released because (with 
the switch on open) the time delay relay continues to 
activate itself. To close the door, it is necessary to turn the 
conductor switch to off or to automatic. In either case, 
should the door meet an obstruction, the door will reverse 
because the reversing switch will close. 

The circuit which includes the reversing switch also 
includes a limit switch that opens just as the door closes. 
This keeps the door from re-opening as soon as it closes. 

For center doors, the control system (Fig. 5) is modified 
since only conductor control is needed. One car is desig- 
nated (by setting the zone switch) as the one from which 
the conductor will control the opening and closing of the 
doors. If desired, the conductor can change the zone switch 
(while the train is en route) and operate the doors from 
another car. The door operator is also a differential cylinder 
but because passengers do not operate these doors, only 
one solenoid valve is needed. 


For More Information on Airmatic Valves: 
Write No. 204 in Box on Inquiry Card 





































“Pntegrated miniaturization”, a tech- 
nique developed at Librascope, may 
be described as a design approach 
which focuses the talents of the sys- 
tem, electrical and mechanical engi- 


Equipment has become so complex 
and techniques of solution have be- 
come so elaborate that the application 
of skill from any single engineering 
area cannot cope with the entire de- 
sign. The design, then, must depend 
upon the combined efforts of many 
specialists. Unfortunately, the result 
too often follows a pattern of isolated 
engineering development and packag- 
ing design. Mechanical, electronic and 
system requirements are solved inde- 
pendently with many of the interface 
problems of interconnection and mating 
ignored until the end. This inevitably 
results in wasted time, duplication of 
efforts and possible over-design. Each 
isolated design group is aware only of 
its own problems and has no real un- 
derstanding of the other’s problems. 
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neers on the total project, from con- 
ception to final hardware, in order to 
achieve the most performance, relia- 
bility and ruggedness in the least pos- 
sible space and weight. Thereby a 


An essential element of the inte- 
grated approach is to get people to 
think in terms of the requirements of 
the end product. Of course, this goal 
has always been desirable, no matter 
what the product. In miniaturized 
equipment, however, it is more than de- 
sirable—it is essential. 


ORGANIZATION 


Librascope organized the engineering 
department into project groups, each 
of which consists of engineering tal- 
ents in varied fields. These teams of 
engineers are directed by project man- 
agers whose technical backgrounds rep- 
resent a variety of skills. This organi- 
zation deviated from the previous con- 
cept of all projects being solely di- 


D. A. Ladine, Project 
Librascope Div., General Precision, 
Glendale, C 


team of engineers is developed who at 
not only familiar with their own spe 
cialty, but are also well versed in th 


problems and solutions of the inte 
face regions between specialties. 


rected by a mechanical engineering 
group. The organization and conttl 
of individual teams varies with th 
complexity and skills involved in ti 
particular project under consideration 


DESIGN PROCEDURE 


When a° new proposal is requestel, 
the governing specifications are ® 
viewed by the project managers. 
lowing this review, the project teal 
considered most suitable is asi 
the task of preparing the proposal aid 
the required follow-up. During the 
proposal preparation the team tenlt 
tively assigns tasks and reviews 
possible areas where interface C0 
might occur, concurrent with form 
ing the design concepts and app 
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The “interface” factor presents the 
io group with the problem of 


y satisfying requirements in 


each of the technical areas involved 
without adversely affecting the per- 
formance of any one element of the 
design or of the overall system per- 


formance. 
When the proposal is accepted the 
sme project team will undertake the 


pment design, development and 
uction tasks. Due to the elapsed 


time between proposal and accep- 
tance, the original design concepts and 


the 
the 


overall approach are reviewed by 
project team. Checkpoints are es- 


tablished at different stages for the 
project's development. Each team mem- 


ber 


is then allowed to progress more 


or less independently until each suc- 
cessive checkpoint is reached. At the 
checkpoints, a careful re-evaluation of 
the design goals, in terms of recent 
progress, is made. The various alter- 


Fo Miniaturization 


mative design tangents that each team 
member might have uncovered be- 
tween checkpoints are considered. The 
consequences of these variations on 


the 
on 


design approaches and the effect 
the other team members are re- 


solved. This may result in a modified 
formulation for the ensuing design of 


the 


equipment. 


Checkpoints are designated and 
monitored, not only for the purpose 
of charting and controlling project de- 
sign, but to effectively bridge the gaps 


between 


the different 


engineering 


fields. This actually allows the differ- 
eit tam members to complement one 
mother in the interface areas. Control 


easily be maintained by the proj- 
‘Manager at these checkpoints. 
, the project manager’s guid- 


tee and control problems are eased, 
ince each team member has become 
more aware of the other’s problems and 


gained proficiency in working as 


team, to the point where many of 
the solutions to the interface problems 


intuitive. 
approach as outlined is impor- 


lint in normal product design. How- 
Wer, when designing for miniaturiza- 


= 


for there 


a higher order of coordination, 
” design integration, is re- 

. It even becomes impossible to 
the electrical, mechanical, 
packaging problems separately, 
is always the pressure of 
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Fig. 1 Vector diagram illustrates the operational 
parameters of the computing problem. 


space limitations to a degree com- 
pletely unknown in ordinary product 
design. 

It is apparent that the knowledge 
acquired through group approach will 
develop personnel with more rounded 
backgrounds, thereby developing know- 
how and techniques for handling fu- 
ture design problems. Another advan- 
tage of this approach is the automatic 
cooperation that exists between what 
were formerly considered antagonistic 
design groups. Once organized and 


functioning, a group is capable of 
limited loss and replacement of per- 
sonnel without a reduction in output. 

Application of this approach to sys- 
tem, sub-system and component de- 
sign are described in the following 
examples. 


SYSTEMS APPLICATION 


A navigational computer that presents 
direct readings of position in terms of 
range and bearing to destination dem- 








Fig. 2. Preliminary block diagram of the navigational computer. 
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NEW TEGHNIQUES 


mstrates the application of the inte- 
gated design approach to a complete 
. System simplicity and com- 
ctness were the major considerations 
in this design. Computer accuracy had 
i) be compatible with the accuracy 
of currently available heading and 
sensors. 

To such a computer, the destination 
sa specific point, with a bearing and 
range related to the instantaneous po- 
sition of the aircraft. Automatic in- 

of true air speed and heading and 
manual inputs of magnetic variation 
and wind were employed in the com- 
of the aircraft’s position. Re- 
gilts must be presented as course and 
distance to destination. At the same 
me, ground track must continually 
‘computed and displayed by the 
t. 





“The vector diagram, Fig. 1, shows 
the operational parameters of the prob- 
lm. The initial design conferences 
had as their goal the most direct and 
simplest mathematical approach to the 
sllution in terms of feasible computing 
dements. The following equations rep- 
resent the vectors and vector computa- 
tins decided upon as the optimum 
mathematical structure. 
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Fig. 3 Final block diagram of the AN/ASN-9 Navigational Computer. 


Vp = dR/dt = V, cos (6 — H) 
+ V,, cos (9 — 0,) 
Vr = V, cos (6—T) 
Ve = Rdé/dt = V: sin (@—H) 
—Vw sin (6—@w) 
Ve = V, sin (0—T) 
H=H,+06 


Since the pilot display was the end 


objective, the first step in attempting 
to miniaturize the design, was to elim- 
inate the redundancy that exists in 
remote display equipment by inte- 
grating the computer and the indica- 
tor into a single package. The prelimi- 
nary block diagram shown in Fig. 2 
represents a computer that solves the 
given equations. It was obvious from 





Mig. 4 Exploded view of the com- 
paler, Because of the close liaison be- 
‘een the engineers and packaging de- 
several problems were solved 

an integrated approach to 

physical and functional design The ac- 
tual physical position of the divider and 
speed drive was planned to pro- 

vide an effective thermal transfer path 


AUGUST 1960 


between the heat producing elements 
and the instrument case, which is used 
as a radiating surface. An additional 
dividend of the team effort was that 
the divider also provided a structural 
support in the final package thus in- 
creasing the overall mechanical stabil- 
ity of the computer without sacrifice of 
weight or space. Additional space econ- 


omy was achieved through the group’s 
net efforts thus leaving room for minia- 
turized amplifiers. These were plugged 
directly into the indicator unit, reduc- 
ing signal load lengths, and permitting 
reduction of control unit which had or- 
iginally been planned for housing of 
amplifiers. Phasing capacitor unit had 
to be packaged into an 8-sided shell. 
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the start, however, that a computer 
built in such a manner would greatly 
exceed the size and cost specifications 
laid down for this project. 

The first major reduction in size 
was through a re-evaluation of com- 
puting elements. Development of an 
original synchro element to combine 
the functions of angle summation and 
vector resolution made possible the 
elimination of two complete servo 
loops from the computing mechanism. 
The simplified functional block dia- 
gram incorporating this change is 
shown in Fig. 3. The synchro element, 
defined as a resolver differential gen- 
erator, combines the stator from a 
standard differential generator and the 
rotor from a standard resolver unit to 
eliminate ten computing components: 
six synchro units, two servo motors and 
two amplifiers. 

From the beginning of the actual 
development, the need for a divider 
on the rotating shaft output of the 
Rdé/dt computing loop was apparent. 
Development of such a division sys- 
tem was difficult not only because the 
unit had to divide a time varying prod- 
uct by a term which in itself was also 
a function of time but in addition the 
range of variables was extensive, ap- 
proximately 500 to one. Investigation, 
by the team members, of various con- 
ventional dividing techniques indicated 
that drastic increases in physical size 
would be required with increases in 
operating range. 

The final divider design was a mini- 
ature, variable speed, mechanical sys- 
tem incorporating a series of ball and 
disk drives and operated by a special- 
ly designed cam, whose follower trans- 
mits the second power of the time 
varying divisor to the ball and disk 
drive. The shaft speed output rep- 
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Fig. 5 Final computer un} 

(left) weighed 30% below the 

minimum weight requirement, 

The associated control unit js 
- shown on the right. 
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Fig. 6 Exploded view of the ground speed and distance indicator. Tuning 
capacitors, phasing capacitors, two servo amplifiers, necessary heat sinks 
and the interconnection and control circuitry had to fit into the lower rear 
cavity. Optimum amplifier design required complete integration of effort 
between the circuit engineer and the package designer in the selection of the 
circuit components and their placement, in order to allow effective packaging 
with minimum electrical coupling effects. A capacitor module was specifi- 
cally developed to overcome the relatively cumbersome size of capacitors 
required for phase shifting and fixed field and tuning the control field of 
the servo motor and the motor tachometer. These capacitors were molded 
into a single unit to fit into the rear housing cavity adjacent to the ampli- 


fier modules. 


resents the quotient. This design se- 
quence illustrates the manner in which 
an integrated team effort permitted the 
transfer of what had originally been a 
control problem to the mechanical en- 
gineer, resulting in a different mode of 


approach. 

Simplifications also occurred in the 
several summing devices. After a ti 
ough group evaluation of electromls 
electromechanical ‘and purely mechiat- 
ical summing ‘methods, the team 
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‘ied that a miniature mechanical dif- 
erential, working in conjunction with 
the differential action of the track and 
course dial assembly, gave the neces- 

accuracies with an absolute mini- 
mum volume. 

For voltage summation, as in sum- 
ming true air speed and wind speed 
‘nals, an obvious choice would have 
heen one of the many existing forms 
of resistance summing. However, load- 
ing effects and gain attenuation, along 
with the necessity of incorporating a 
more expensive amplifier system in 
each loop, made such methods im- 
practical. A miniature computing trans- 
former, wound so that its output signal 
represented the sum of the input quan- 
tities, avoided these drawbacks. 

The computer embodies the collec- 
tive thinking of a group who worked 
together with no definite distinction be- 
tween mechanical or electrical assign- 
ments. An exploded view of the com- 
puter unit is shown in Fig. 4 and Fig. 5 
shows an external view of the com- 
puter and the associated control unit. 


ASUB-SYSTEM APPLICATION 


The severest test of the integrated de- 
sign concept is in its application to the 
design of miniature equipment which 
must, of necessity, utilize non-minia- 
turized elements. A typical example is 
the development of a ground speed 
and distance indicator with rigid ac- 
curacy requirements and severe space 
limitations. 

The indicator displays distance and 
ground speed information which estab- 
lished the point of weapons release as 
afunction of distance from target. Its 
inputs were ground speed and, in case 
of ground speed signal failure, a true 
air speed signal. The unit had to con- 
tinuously display the ground speed 
data and simultaneously integrate the 
ground speed signal to determine and 
display distance to release point. 

Originally these functions were ac- 
complished through the pilot flying a 
st constant speed course to target and 

ining the release point by means 
of an interval timer. This burdened the 
pilot with the problem of maintaining 
‘constant speed under adverse attack 
conditions. 

Upon the decision to replace the 
timer with a more sophisticated device 
Which would permit flying at varying 

, the equipment design group 
was faced with space _ restrictions 
caused by the necessity to fit the new 
listument into the envelope formerly 
‘eupied by the interval timer. The 
Pemissible envelope was 2.25 inches 
in diameter by less than six inches in 

Fig. 6 is an exploded view of 


the indicator. 
NUQUST 1960 
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for —100°F to 500° F applications 


Select the right Temp-R-Tape for your job from a variety of types which combine 
some form of Teflon, Fiberglas or Silicone Rubber backing with a silicone polymer 
adhesive. Temp-R-Tapes possess high dielectric strength, thermal stability, excellent 
moisture resistance, non-aging characteristics and many other desirable properties. 


CLASS H INSULATION USES: slot lining; interlayer and interphase insulation; 
harness bundling; splicing; wrapping for microwave components, transformer coils, 
capacitors and high voltage cables. 


NON-STICK USES: non-stick facings for film guides in electronic instruments, heat 
sealing bars, forming dies, chutes, guide rails, etc. 


AVAILABLE FROM STOCK: 1/4” to 2” widths, 18 yd. and 36 yd. rolls and 12” 
width on liner by lineal yard. Sold through distributors. 


FREE SAMPLE and folder — write, phone or use inquiry service. 
ELECTRICAL AND INDUSTRIAL SPECIALTY TAPES 


CONNECTICUT HARD RUBBER CO. 


*duPont TM Main office: New Haven 9, Connecticut 
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HIGH | 
SIGNAL-TO-NOISE RATIO 
SIZE 11 MOTOR-GENERATOR 


The high performance Size 11 Servo Motor-Generator 
features 0° phase shift and a signal-to-noise ratio 
of 300:1. It is designed primarily to replace 

Size 15 units in high gain damping applications. 
In-phase speed-sensitive output variations due to 
temperature variations are stabilized to within 0.2%/°C | @ 
over the temperature range and speed-sensitive voltage 
and frequency variation are stabilized to within 

+ 0.2% for voltage and 0.03% cycle for frequency. 
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MIRACLE IN MINIATURIZATION 
FEATURES 


Unsurpassed accuracy and reliability, 
higher power rating, superior resolution, 
inherent stability, dual contact wiper, 
moisture resistance, teflon insulated 
lead wires, sealed for reliability under 
environmental extremes, precision 
machined aluminum case, 25-turn “0” 
ring sealed adjustment, meet or surpass 
requirements of MIL specifications. 
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CHARACTERISTICS 


375 SERIES (all models) — 500 SERIES (all models) — 





Power rating 1 watt Power rating 2 watts 

Resistance range 10 to 50K ohms Resistance range 10 to 100K ohms 
Dimensions 0.375x0.375x0.175” Dimensions 0.500x0.500x0.175” 
Weight less than 1 gram Weight less than 2 grams 


Compact, square design unexcelled for stacking arrangements. 


PATENT PENDING 


Engineers should investigate the outstanding advantages of these wire-wound trim- 
ming potentiometers...call or write for Brochure containing complete specifications. 


A FEW SELECT TERRITORIES ARE STILL AVAILABLE TO PROGRESSIVE REPRESENTATIVES 







Potentiometer Division 


AMFORD -oreoration 


1547 18th Street 
Santa Monica, California. EXbrook 3-0396 
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Fig. 7 Ground speed and distance jp. 
dicator. Throughout the design phase 
of this indicator, a continued joint 
effort was necessary in order to over 
come the packaging problems resulting 
from space limitations; inductive or 
capacitive coupling due to circuit lay. 
out, ease of maintenance requirements 
and accessibility of test points, 


The initial design conference te. 
solved that the unit should consist of 
an integrator servo loop and a position 
servo loop driving the pilot display, 
Tests revealed that the only integrating 
method that could provide the required 
accuracy and reliability over the wide 
range of environmental conditions and 
power variations was a high precision, 
temperature compensated motor tacho- 
meter. The smallest motor tachometer, 
available at the time, capable of satis 
factorily performing the _ integrating 
function had a diameter of half the 
envelope diameter and a length of 
two-thirds the envelope length. 

The speed dial had to be manually 
adjustable with reference to a fixed 
fiducial on the case. This necessitated 
some sort of differential mechanism be 
tween the speed dial and the feedback 
pot in the position loop. Achieving the 
desired accuracy within the specified 
space demanded a new kind of pot de 
sign since the diameter of a conver 
tional pot would be far too large. The 
final solution was a ring type potentio 
meter with the speed dial permanently 
attached to its mandrel by means off 
suitable housing, and the speed pointet 
permanently affixed to its wiper am 
A bearing race was incorporated into 
the housing of both assemblies, with 
hobbed gear on each housing. This dé 
sign yielded a compact and _accurilé 
differential feedback element. 

On-off and power failure flags 
quired solenoid operation. At this 
of design, available forward spat 
within the envelope had been 
to the minimum, thus precluding 
of commercially available ins 
solenoids. A special ring-type 80 
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ind associated circuit was constructed. 
For maximum compactness, a transistor 
circuit was used as a relay. 

Due to the desired compactness of 
the unit, heat generation and its dis- 
sipation was an important factor which 

the entire design from the 

ject’s start. Two major sources of 
heat generation required special atten- 
tion; the motor tachometer and output 
transistors of both servo amps. 

The motor tachometer was fitted 
with a beryllium copper sleeve incor- 
porating many fingers projecting out- 
yards. These fingers make spring con- 
act with the indicator cover providing 
a effective heat transfer path. The 
enducting fingers maintain a favorable 
interior temperature, stabilizing other 
dreuitry and increasing the operational 
geuracy of the instrument. 

Early in the project, at one of the 
theck points, an area of the end plate 
was set aside for the purpose of heat 
sinking the power transistors. The 
problem of electrically isolating the 
ansistors was solved by fitting the 
tansistors into special hard anodized 
duminum caps which were in turn 
srewed into the end plate. In this 
manner, the entire indicator frame was 
wed as a heat sink and electrical isola- 
tion was maintained. Fig. 7 is an ex- 
temal view of the indicator. 


TRANSISTOR SERVO AMPLIFIERS 


The miniature 501-1 “postage stamp” 
amplifier, first built and tested over 
thee years ago represents one of the 
tightest miniaturization jobs under- 
taken, An amplifier with a maximum 
wlume of 0.6 cu. in. (because of pack- 
ging specifications) and an output of 
the 14 to 3 watts required to drive a 
ize 8 motor, was unobtainable. 
Reexamination of the system’s re- 
quirements showed that since the null 
weking servo would normally be oper- 
ting at low power levels, % watt 
be ample for this application. 
Apait of medium power silicon transis- 
is ina class “B” push-pull circuit 
povided sufficient power to drive the 
ud under the new revised specifica- 
‘ons, The finished potted unit, con- 
siderably different and smaller than 
visualized (total volume of 
4 cubic inch) delivered % watts. 
A recently improved model with a 
ie increase of barely 5%, has doubled 
Power output using the newer 
boWer transistors. This new unit drives 
‘size 8 motor to its full rated capacity, 
expanding the application range 
iature servo modules. 
The 8 watt 503-1 and the improved 
Watt 506-] — both utilize a 
; coupled circuit incorporat- 
"64 silicon transistor preamplifier with 
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For 
TRANSISTOR CIRCUITRY 


a transistor-SAVING 
power supply 





6 to 30 volts D.C. 


TYPE D-1480 0 to 500 Ma. 


Precise control of voltage and current. Put the D-1480 to 
work for you. Reduce costly transistor burn-outs. 
Overloading cuts current off. Regulation better than 0.3%. 
Less than 0.25 mv. ripple. Full short circuit protection. 
Meter reads voltage and current. 


Available from stock... factory or Allied Radio. 
(Allied Stock No. 82PX245) ......... price $160.00. 


WRITE US FOR FURTHER INFORMATION 


402 EAST GUITIERREZ STREET, P.0. BOX 1500 —_——~ 
SANTA BARBARA, CALIFORNIA - TELEPHONE WOodland 3116» 


Nigatie ee | 
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DUAL CHANNEL 
BUFFER AMPLIFIER 


This small, light-weight unit, a completely transistorized dual channel buffer 
amplifier, is designed to drive Kearfott’s size 11 R980 winding compensated 
synchro resolvers. The amplifier-resolver combination has stable gain character- 
istics and negligible phase shift through an ambient temperature range of —55°C 
to +85°C. This unit meets the environmental requirements of MIL-E-5272. 
KEARFOTT DIVISION 


Little Falls, New Jersey <> 
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JUST 1.41 TIMES THE HEIGHT OF AN 
IRE PIN, THE NEOMITE IS THE FIRST 
MASS-PRODUCED PRECISION RELAY 
EVER PLACED IN A TRANSISTOR CAN. 
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SEND FOR YOUR FILE 
OF WESCON LITERATURE 
READY NOW! 

















lseslsea} Lees J sealser] 
ed aad ad Gea ed 


4 





(RRS RE TASES ESA SE SIE hn, °C ABNER a A RE 
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ELGIN ADVANCE RELAYS + ELGIN NATIONAL WATCH COMPANY 
2435 NORTH NAOMI STREET + BURBANK, CALIFORNIA 
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High-Purity 
METALS 
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GOLD doped with pal . 
P-type elements — supplied in 
form of wire, sheet or rib on 
and cut or stamped pieces: 








INDIUM electroplated 
base or precious 
metal wires. 












PLATINUM & 
RHODIUM-PLAT INUM : 
THERMOCOUPLE WIRE 
For Temperature 
Control 














Write for this 
brochure today: 
no obligation » 
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Fig. 8 High temperature, ten way 
servo amplifier. 


a push-pull Germanium power stage 
A unique circuit layout employed cop. 
mon emitter operation of the stu 
mounted power transistors which wer 
mounted in the same aluminum cay 
for maximum heat dissipation and 
minimum size. Both collectors wer 
electrically common and were cop 
nected to the dc ground. This wa 
made possible by connecting the load 
to the emitter circuit and driving from 
two isolated windings of the drive 
transformer. 

The input impedance, gain al 
drive levels are identical to the co 
ventional common emitter stages. Th 
506-1 amplifier is a 2.5 cubic ind 
unit, potted in a finned, aluminum casy 
no additional heat sinking is necessay 
for operation up to 85C and electrial 
input is made through a miniature? 
pin connector. 

At a higher level on the servo powe 
spectrum, a 10 watt, high temperatur 
servo amplifier, shown in Fig. 8, hi 
been designed as a 4 cubic inch pate 
age, half of this volume being usedi 
mount the awkwardly shaped silicit 
power transistors and the electrical ea 
nector. All other components and & 
cuitry are contained in a 2 cubic it 
printed circuit assembly. Close coopét 
tion between the circuit engineer 
the package designer resulted in i 
use of conventional circuits and 
able components; carefully chosen be 
cause of size requirements. 

This servo amplifier had to be malt 
for a temperature range from 
to 100 C. Since suitable electroljt 
capacitors were not available in 
ciently small sizes, reliable 
which would operate with no byp# 
capacitors or high valued coupling @ 
pacitors had to be designed. A Z# 
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diode is used for a preamp d 

filter, eliminating the need for lag 
capacitors; temperature compense® 
makes use of thermistor and siliet 
sensitor elements. 
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Relay Analyzer 


Various parameters such as coil resis- 
tance, pull-in voltage or current, drop- 
gut voltage or current, pull-in time, or 

t time can be measured on a 
relay analyzer. Lamps go on for “go” 
@ good and remain off for “no go” 
or “bad.” It is not necessary to read 
‘wy meters or dials. Life testing may 
be performed at a controlled cycling 
Five-way binding posts for all 
connections permit the use of an 
filloscope for contact bounce analy- 
and the application of loads on the 
Yeay contacts for load testing and con- 
it resistance measurements. Molec- 
tronics Corp., South El Monte, Calif. 

Write No. 558 in Box on Inquiry Card 


















Test Fixture 


Motor generator and motor techo- 
meter test fixtures with a specially 
designed guillotine clamp saves cost- 
ly production loading and unloading 
and stabilizing test units. The fixture 
may be used for the following tests: 
general motor tests, transformation 
tatio, phase shift, linearity, power 
input, ete. Mounting plates have con- 
trolled heat transfer characteristics 
assuring components in the sizes 
from 5 to 37 may be tested. Price 
is $87.50. Angler Industries, Metu- 
chen, N.J. 


Write No. 526 in Box on Inquiry Card 











Semiconductor Tester 


low-cost semiconductor tester for eval- 
tating and inspecting contains a current 
Source to prevent damage to 
My unit under test. Scope calibration 
es of 5 volts for vertical and 80 
or horizontal are provided. In- 
‘tument will test, for example, tunnel 
characteristics of tunneling cur- 
em current, and forward volt- 
ice is $295.00. PRL Corp., East 
Brunswick, N.J. ‘ 


Write No. 525 in Box on Inquiry Card 








the largest selling precious metal 
plating processes in the world... 
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The unique metallurgical properties of a 
precious metal—without the shortcomings 
of conventional electroplates...that’s what 
patented SEL-REX PRECIOUS METAL 
PLATING PROCESSES provide leading 
manufacturers of missiles, rockets, com- 
puters, and similar critical electrical- 
electronic devices and components. 


A wide range of exclusive processes for 
plating with Gold, Rhodium, Platinum, 
Paladium, Silver—and custom precious 
metal alloys—each developed to meet spe- 
cific requirements. What are yours? 


Comprehensive technical literature on re- 
quest—specify application. 


SEL-REX CORPORATION 


NUTLEY 10, NEW JERSEY 


The. world's largest selling precious metal electroplating processeag 
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_ NEW HIGH PERFORMANCE 


SIZE 8 MOTOR GENERATOR 


Kearfott’s new Size 8 high performance servo 
motor-generator features high signal output . 
and extremely low null voltage. The signal-to- — 
noise ratio of 100:1 and linearity of 0.2% make the application 
of this motor generator to lightweight integrator packages 
most desirable. Stainless steel construction and thermal stability 
assure its reliability and long life in the most severe environments. 


KEARFOTT DIVISION 


Little Falls, New Jersey 


GENERAL PRECISION. INC. 


Other Divisions: GPL, Librascope. Link 
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NEW TECHNIQUES 


WIND TUNNEL DESIGN 


“Crossed Field Acceleration’’ 


Major advances in hypersonic wind tunnel design that are 
expected to provide a more flexible testing environment 
were revealed by Allis-Chalmers at the recent American 
Rocket Society meeting. Working with M H D Research, 
Inc. at Newport Beach, California, a Crossed-Field Ac- 
celeration test facility prototype is being developed to 
continuously simulate conditions encountered by ballistic 
missiles and space rockets. 

Key to the Allis-Chalmers advance is the crossed-field 
accelerator which employs crossed magnetic and electric 
fields to further accelerate supersonic plasma coming from 
the generator. Substantiating the new concept in wind 
tunnel design, the prototype model has been operated for 
periods as long as twenty minutes. During tests with the 
prototype, the energy of a plasma stream has been in- 
creased by 60 percent with little or no increase in con- 
tamination. 

Unlike many conventional wind tunnels, the Crossed- 
Field Acceleration tunnel will be capable of operating con- 
tinuously at extremely high temperatures and velocities. 
Previously, blow-down tunnels have been used to simulate 
the conditions required to test materials for use in missiles. 
These tunnels usually operate for very short durations, on 
the order of milliseconds. 








WEBS announces... 


3 new R's of 


instrument 
bearings 


Latest additions to the large, 
fast-growing MPB family are 
ultra-precision R2, R3, and R4 
instrument bearings. 

Ideal for servos, synchros, 
gyros and generators, these 
new MPB bearings are the re- 
sult of MPB’s advanced manu- 
facturing, thorough quality con- 
trol and emphasis on precise, 
accurate bearing geometry. 

Find out now how MPB bear- 
ings and technology can benefit 
your products. Call your MPB 
Sales Engineer or write for in- 
formation. Miniature Precision 
Bearings, Inc., 1308 Precision 
Park, Keene, N. H. 


IVE-B 


Helps you perform 
miracles in miniaturization 
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Fig. 1 Known as the XFA model, this laboratory prototype 
is utilized by Allis-Chalmers for development of Crossed. 
Field Acceleration hypersonic wind tunnels. The horizontal 
electrodes used to establish the electric field are visible on 
either eide of the plasma stream and one of the two circular 
magnetic coils is shown in the background. 


PRODUCES VARIED CONDITIONS 


In operation, the system will be used to produce a great 
many different conditions. Primary control of the system 
will be in the plasma generator unit. Specific all 
ranges and specific temperatures will be established } 
means of the power/gas ratio. . 

Secondary control will be in the accelerator. By varying 
the magnetic or electric fields, the accelerator input 7 
will be controlled. Electric field control will provide the 
most flexibility since it can be varied over a wider range 

The 60 percent energy increase obtained with the prote 
type indicates that a larger system would probably be able 
to increase the energy of the jet by a factor or two and per 
haps as high as five. For higher energies, there is the pos 
sibility of using two or more crossed-field accelerators in 
tandem. 


ARC GENERATES PLASMA 


Plasma will be generated by passing gas through an electric 
are struck between two electrodes. In passing through the 
arc, the gas will be heated to extremely high temperature 
and partly ionized. The ionized gas will then pass through 
a convergent-divergent nozzle to be accelerated to supe 
sonic velocities. 

Additional power fed into the plasma stream by the a 
celerator goes both into accelerating the plasma (an i 
crease in kinetic energy) and heating the plasma (an it 
crease in internal energy). The relative magnitude of 
heating and acceleration effects is dependent on seve 
parameters including the electrical conductivity of the 
plasma stream and the magnitude of both the electri 
current and magnetic field. 

The Allis-Chalmers accelerator will have double-walled 
water-cooled viewing ports to allow visual and photograp 
observation of the plasma stream. Independent of 0 
systems, the water for the accelerator Cooling will flow slow 
ly between the two transparent viewing plates on each 

Write No, 159 in Box on Inquiry Card 
ELECTROMECHANICAL DESIGN 
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KEARFOTT is the world’s 


largest producer of... 





light-weight 


schuler-tuned 


3 GYRO PLATFORM 


KEARFOTT DIVISION 


Little Falls, New Jersey 


SYSTEMS 


CGP) GENERAL PRECISION. INC. 
Other Divisions: GPL. Librascope. Link 
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FASTENING DESIGNS 


Part I (Fastening Designs for Speed, Inserts, Safety, Sim- 
plicity, Appearance, Adjustment and Sealing) appeared last 
May. In Part II we present pertinent fastener information 





PLATINGS AND FINISHES 


PLATINGS 
FINISHES 
HEAD TERMINOLOGY 
POINT TERMINOLOGY 


associated with the selection and application of fasteners 
All of the data and information in this section was prepared 
by engineers at Central Screw Company, Chicago, Ij 

































































































































Anti- i 
FINISH Color —— Suitability Characteristics and Uses 
ANNODIZING Yellowish Silver Excellent AluminumOnly An acid plating for aluminum which EBC 
(Aluminiting) Cost acts to harden the surface and reduce 
porosity. Abrasion resisting with high 
dielectric strength. Gal 
BLACK NICKEL Black Excellent All Metals Rich and lustrous. Generally used os a {___———___— 
matching finish. Supplied with or with- 
out a lacquer coating. 
BLACK ZINC Black Excellent All Metals The same characteristics as BLACK 
NICKEL with a slightly greater degree of GOL 
rust resistance. 
BLUING Clean Blue None Carb. Steels A coloring process produced by heat 
Only treating. For appearance only. GRA 
BONDERIZING Dull Gray Excellent Ferrous Metals A chemical process for rust-proofing 
steel and supplying an ideal base for IRID 
paint or enamel. Can also be applied 
to galvanized, zinc alloy and cadmium 
surfaces. 
BRASS Bross Good Usually Steel Most frequently applied to steel for JAPA 
purposes of matching brass. Supplied a 
dull or burnished. BLEI 
BRIGHT POLISH bhae tes ebage se None — All Metals A cleaning operation by barrel tum- LACC 
bling for removing oil, scale, etc. from 
metal parts. 
BRONZES : = Elec 
1. Brite Copper Oxid. Ranging from Fair All Metals Usually applied as decorative finishes 
2. Dull Copper Oxid. bright straw to for accurately matching wood colors: 
3 Statuary Bronze dull black copper radio cabinets, desks etc. NICK 
4. Antique Bronze 
5. Black Oxidized 
PARI 
CADMIUM Silvery Gray Excellent All Metals A non-porous metallic sheathing. Most 
(Udilyting) (Dull or widely used plating because of rich ii 
Burnished) oppearance, fine rust resisting qualities PASS 
Gnd economical cost. Good electrical 
conductivity quality. (Imn 
. ————— 
CARBON BLACK Black Slight Brass An economical, rich black finish applied SILVE 
to brass for purposes of matching color. 
CH ROMIUM Brite Blue White Excellent All Metals A bright, lustrous finish used where the 
vitimate in beauty of appearance is de aa 
sired. Substantially weather-proof. TINNI 
ee 
COPPER Copper Fair All Metals Commonly used as an undercoating for Elect 
nickel or for decorative purposes. 
an “a 
DICH ROMATE DIP Rainbow Cast Excellent All Metals A dipping process added to Zinc es ZINC 
Cadmium plating which greatly in (Elect 
creases resistance to rust. 
ee ee 
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finishes are generally applied to screw products for 
sither corrosion resistance, appearance or both. Such finishes 
ye applied by one of the following methods: (1), coating 
the parts with a dissimilar metal as in cadmium plating; 
(2), the application of a mineral or organic substance as in 
lgequering; (3), the chemical surface conversion of iron or 
deel into basic phosphates as in Parkerizing; and (4), sub- 
jecting the parts to high temperatures in open furnaces as 

bluing. 

; called “commercial” plating usually affords ample pro- 


tection for all practical purposes. However, for extreme con- 
ditions of weather, exposure to chemicals, etc., heavier 
deposits may be applied although it is extremely important 
to recognize the limitations of plating threaded or tapped 
parts. Excessive coatings which tend to build up on the 
crests and in the valleys will impair thread fit and may re- 
sult in serious slow downs along production lines. 

This chart of platings and finishes has been prepared to give 
you a quick, easy reference as to the type of finish that is 
most suitable for your particular product. 
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FINISH Color —— | Suitability Characteristics and Uses 
sean 

EBONIZING Jet Black Slight | Carb. Steels | A clean and lustrous matching finish 

Only | that will not soil the hands. Dielectric. 
Electro See ‘‘Zinc Plating'’ 

Hot Dip Dull Gray Excellent Usually Steel Good rust resistant but not recom- 
mended for small screws due to its 
tendency to clog threads. 

GOLD Gold Excellent All Metals A highly decorative, corrosive resistant 
finish for special applications. Infre- 
quently used because of high cost. 

GRAPHITING Dark Gray Fair Usually Steel The application of graphite to metal 
parts for purposes of lubrication. 

IRIDITE Olive Drab Red Excellent All Metals A dipped finish usually applied over 

Green Blue Zinc or Cadmium for purposes of color- 
Black Bronze ing and additional rust resistance. 
A lacquer enamel finish usually applied 

JAPANNING Various Colors Excellent All Metals to a bonderized surface to match 
painted finishes. Applied to either the 

“BLEND-K OTE”’ | head only or all over depending on 

thread style. 

LACQUERING Transparent Fair All Metals A protective coating used principally to 

| cover other unstable decorative finishes. 

LEAD Dark Gray Excellent All Metals A metal sheathing for specific applica- 

Electro or Hot Dip tions where resistance to certain acids 
is required. 

NICKEL Silver Excellent All Metals Excellent for applying to screws and 
nuts because of hard, stable finish. 
Dull white or bright burnished. 

PARKERIZING Dull Gray or Excellent Ferrous Metals | A chemical process of rust-proofing 

Black steel. Supplied plain as a base for 
| paint or black oil stained for appearance. 
| 

PASSI VATING Pas wu 4a 0 Pate d On L. +. ea eam ae hee Stainless Steels A nitric acid dip applied to Stainless 

(immunizing) Steels to remove foreign material and 
brighten the finish. 

SILVER Silver Excellent All Metals An expensive, decorative finish with 
excellent rust-resisting and electrical 
conductivity qualities. For radio and 
electrical work. 

= 
Electro or Hot Dip Silver Gray Good Principally Steel A tin plating applied either by elec- 
and Brass trolysis or hot dipping for use especially 
where parts come in contact with food. 
a a 
ZINC Gray Good All Metals Another commonly used, popular finish 
ce *z (ae lities, 
(Electro-Galvanizing) combining gt rust-resisting qualities, 
s appearance and economy. 
NQUST 1960 
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Head Terminology 


Many a puzzling fastening problem could be solved without resorting to costly special design 
if the theory and application of standard screw heads were more generally understood. So that 
you may become more familiar with this worthwhile and extremely valuable information, we 
have taken this information from Central Screw Company, Chicago, Illinois, on thirty of the 
most popular designs. Asterisks (*) indicates standard head styles. 
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*FLAT HEAD 

Supplied to standard dimensions with an 80° to 82° angle to be used where 
finished surfaces require a flush fastening unit, the countersunk portion offers 
good centering possibilities. 

*ROUND HEAD 

The familiar head most universally used for general application. Good slot depth, 
ample underhead bearing surface and finished appearance are characteristic of 
this head. 

*OVAL HEAD 

Fully specified as “oval countersunk”, this head is identical to the standard flat 
head, but possesses, in addition, a rounded, neat appearing upper surface for 
attractiveness of design. 

*FILLISTER HEAD 

The standard oval fillister head has a smaller diameter than the round head, but 
is higher with a corresponding deeper slot. The smaller diameter head increases 
the pressure applied on the smaller area and can be assembled close to flanges 
and raised surfaces. Headed in counterbored dies to insure concentricity, they 
may be used successfully in counterbored holes. 

*BINDING HEAD (Straight Side) 

Most generally used in electrical and radio work because of its identifying under- 
cut beneath the head, which binds and eliminates fraying of stranded wire. Offers 
an attractively designed, medium-low head with ordinarily sufficient bearing sur- 
face. Not ordinarily recommended as a Phillips Recessed head—see Pan Head for 
better functional design. 

*TRUSS HEAD 

Also known as oven head, stove head, and oval binding head. A low, neat appear- 
ing, large diameter head having excellent design qualities, and as illustrated can 
be used to cover larger diameter clearance holes in sheet metal when additional 
play in assembly tolerance is required. 

LENTIL HEAD 

Designed with a greater degree of countersunk and low oval portion, this head 
also has a smaller than standard head diameter. Generally used on thin moulding 
strips requiring counterbored self-centering facilities and neatness of finished 
product. Similar styles also known as Jackson Head and Dunbar Head have 
smaller heads with standard 82° counterbore. 


*PAN HEAD , 
Sometimes called “Binder Head”. Provides a low, large diameter head, but with 


characteristically high outer edges along the outer periphery of the head where 
driving action is most effective. Recommended for such items as self-tapping 
screws and designs requiring high tightening torques. Slightly different head con- 
tour when supplied with Phillips Recess. See dotted line. 

FLAT FILLISTER HEAD 

This head style was popular many years ago because it was easy to produce by 
milled-from-the-bar processes then in use. It has practically the same dimensions 
as a standard fillister head minus the oval section and is sometimes used in coun- 
terbored holes requiring flush finished surfaces. The use of the standard oval fil- 
lister shown above is recommended whenever possible. 

* Most head styles also available as Clutch Recessed heads. 

HOLT HEAD (PATENTED) 

Provides the perfect tamper-proof assembly. Theft-proof—decorative, yet inexpen- 
sive. Special drivers available for field removal or power driven assembly machines. 
WASHER HEAD 

This design has the finished appearance of a conventional round head plus washer, 
and was originally created to provide extra large bearing surface under the head. 
The modern “truss” head (carried in stock) normally answers his purpose. When 
a larger head diameter is required this washer head design is recommend 
ONE-WAY HEAD 

This ingenious, tamper-proof type of head, once assembled cannot be removed, 
yet is driven with a standard screw driver. Manufactured with amazing economy 
in productive quantities, this design frequently solves costly assembly problems. 
*FLAT AND OVAL HEADS (UNDERCUT) 

This is the standard flat or oval head 80° to 82° countersunk screw which has 
the lower one-third of the countersunk portion removed to facilitate production 
of extremely short lengths. As illustrated, it will fit a staridard counter 
hole and is particularly adaptable to flush assemblies in ‘thin stock. 
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HEAD TERMINOLOGY (Continued) 
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FLAT HEAD (100° COUNTERSUNK) 

This special flat head screw has been developed for applications requiring flush 
surfaces, and is recommended for use in soft materials, to distribute pressure over 
a larger and less angular surface. Very well adapted for use with thin aluminum, 
soft plastics, etc. 


PLUMBERS HEAD 

This head was developed many years ago for the plumbing trade. It offers a 
higher and slightly smaller diameter head than the standard round head to facili- 
tate assembly and good solid tightening abilities. Modern designs recommend 
the use of the standard round heads. 

SQUARE SHOULDER SCREWS 

An adaptation of the standard carriage bolt design. Possesses a truss head on a 
square shank which resists rotation when located or driven into place. This 
square shoulder may also be staked into place as a permanent fastener. A great 
many varieties in all screw diameters are available in productive quantities. 
ROUND SHOULDER SCREWS 

This style is supplied with a regular truss head but possesses a round shoulder 
larger in diameter than the outside of the thread. Often used as a spacer between 
two sections or to provide bearing surface for rotating parts. 

KNURLED SHOULDER SCREWS 

A truss head on a round knurled shoulder make up the design of this part. It is 
used principally for locking purposes and may be molded into plastics or staked 
into metal. Shoulder length and knurled diameters can be varied to fit the 
application. 


FIN HEAD BOLTS 
A truss head supplied with either two or four fins to lock screw threads against 
rotation in thin sections of plywood, etc. More satisfactory than the square 
shoulder design for applications of this type because of the larger surface area 
contacted by the fins. 

*INDENTED HEXAGON 

An inexpensive wrench head fastener made to standard hexagon head dimensions. 
The hex is completely cold upset in a counterbored die and possesses an identi- 
fying depression in the top surface of the head. 

*INDENTED HEXAGON WASHER HEAD 

Produced in the same manner as the standard indented hexagon head but with 
a washer section at the base of the head to protect the finish of the assembly 
from wrench disfigurement. 

*ACORN HEAD 

This wrench type head has been designed for appearance, speed of assembly, 
and protection against wrench disfigurement of finished surfaces. Its familiar 
domed “hex” atop the washer section locates quickly and easily with socket 
wrenches and can also be slotted for removal in the field. 

*HEXAGON HEAD (TRIMMED) 

This is the standard type of wrench-applied hexagon head, characterized by clean, 
sharp corners trimmed to close tolerances. Recommended for general commercial 
applications, it is available in all standard patterns and in all thread diameters. 
*SQUARE HEAD (TRIMMED) 

The standard commercial head as applied to machine bolts. This trimmed, 
accurately dimensioned head is also available in all diameters of screws, and 
offers square, sharp corners, generous bearing surface for wrench tightening. 
HEXAGON HEAD (FINISHED) 

This standard trimmed hexagon head screw has the added feature of a washer 
under the surface of the head slightly smaller in diameter than the distances 
across the flats which protects the finished assembly against disfigurement by the 
SEATING BOLTS 

This special combination of a countersunk square shoulder screw was developed 
for special applications requiring neat outside appearance combined with square 
shank locking features. Finishing washers may also be applied to this head to 
further enhance the appearance. 

*HEAD STYLES (WELDING SCREWS) 

The welding screw has been developed to provide a strong, permanent threaded 
fastener which becomes an integral part of the assembly. It utilizes the principle 
or projection welding by means of multiple lugs applied to various head surfaces. 
Type “U” (Underlug) for general application. Assemblies easily into pre-located 
holes and fully utilizes head strength. Top surfaces of head designed for effi- 
cient welding anode contact. 

Flat Headstyles take advantage of the self-centering feature of the counter- 
sunk portion and provide a smooth, flush outer surface. 

*Type “T’ (Overlug) for applications requiring smooth, finished outer sur- 
faces. Under surface of head is designed for perfect electrode contact. 











































































































: Service-Seasoned : || 
| AvailableNow | POINT TERMINOLOGY : 
ee The chart below, illustrating the more popular styles of points 
: ; available in theaded fasteners, will help you properly specify NEW 
the most efficient fastening for your particular job. 3 
Here is | 
DIE POINT and faste 
One of the least expensive pointing operations applied at made ava 
the time of heading. This operation provides an end 
chamfer starting with a diameter smaller than the root 
diameter of the thread. The minimum reduction of the 
point is approximately 10% below the maximum minor Blind Lo 
: : diameter with an included angle of 40° to 50°, 
A 5 : DOG POINT Blind-mov 
: : A straight pointed section reduced in diameter slightly locknut is 
SOL| D = STATE A C : below the root diameter of the thread, usually extending tages Ove 
: 7 : in length about two-thirds the diameter of the thread, plate nuts 
: : Recommended for ease in starting, to insure against metal apy 
: SERVO AM PI | F| FR : stripping fine threaded products, and to increase efficiency Press Nut 
: along production lines. threaded | 
: : ROLLED POINT gl 
Designed ‘specifically for use in An efficient method of producing pointed long studs or simple * 
115 volt, 400 cycle systems, this long screws with an end chamfer similar to the Die Point. 7 
“ " ° aly, W 
United Control servo amplifier bar ps a half is slightly cupped by the thread bead “A ss 
drives standard Size 11, 40-volt . coin 
PINCH POINT (ROUNDED) an the r 
center-tapped servo motors. Its An inexpensive method of applying a 60° lead-in point pulled un 
performance has been proved in having a slightly rounded contour but with pinch-off sembly it 
; ; marks on its surface. Used for aligning several sheets or side to gri 
service on a high-performance assembling several parts requiring pilot action. ain the 
military aircraft, and it is qualified 
NAIL POINT (PINCHED) pa 
to applicable portions of MIL-E- Usually supplied with an approximate 45° included angle me the Dh 
0052728. Transients on power in- having a sharp point and slightly squared surface. Used 
for impinging or locking against wood or other soft mate- 
put leads up to 190 volts for 100 rial. Other degrees of included angle and sharpness also 
milliseconds will not damage the available. 
unit. Gain stability of 2 db is CUPPED POINT 
A : A special cup section supplied on the end of the threaded oo 
maintained over an operating member having a depression in the end to reduce the } if 
temperature range of -55°C to area in contact with the surface which increases its hold- 
+102°C. Now in production, your ing and locking power under pressure. A gives 
ue, 
requirements can be scheduled ROUND POINT undersid . 
P p Fi ; A dome-like rounded surface applied to the end of a bor f ec 
or early delivery. Firm prices re- threaded member in order to offer pressure without dis- Aneta of 
flect manufacturing efficiencies figurement. Used for adjusting members where friction distortion, s 
; : without cutting action is desirable. Jenkintown, 
gained from experience. Write No. 
CONE POINT 
CHARACTERISTICS A precision cut-pointing operation to provide any ee 
, included angle. Offers a smooth surface, accurate len | 
Input Impedance: 10,000 ohms and a sharp point which can be produced to any desired Steel-Plast 
Voltage Gain: 1,200 min. contour to fit your particular requirements. Soi 
Power Consumption: 0.65 va head t 
to 5.5 va CUT POINTS ues impro’ 
Max. signal Input: 45 volts A variety of tenon ends can be supplied in the form of Insert is ma 
Size: 2.06” x 1.81” x 2.25” straight cut points wherein the diameter of the tenon molded into 
+ & . . . s i h d and end 
Weight: .63 Ib. max is substantially below the root diameter of the threa extende 
a . : | a square abutment surface is required. As illustrated this plastic } 
Write for technical bulletin and prices. style of point offers excellent bearing surface when a ing power of 
: sembled into prepared washers or other assemblies te shinless-1| 
; a quiring free turning pressure surfaces, as in clamps, ett. Suitable P es 
rT] 
uy UNITED CONTROL | | Cut points can also be grooved for special locking rings, fasteners ar 
CORPORATION | cupped for ease in riveting operations, or machined to g hes 
' J | other contours to meet specific requirements. ie 
: é 3 | . CS. 
4540 Union Bay Place « Seattie 5, Wash. | cago, TI. 
TIITITITITITTTTTTTT TIT titi ut Write No. 
CIRCLE NO. 41 ON INQUIRY CARD 
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NEW FASTENING DESIGNS 





Here is a round-up of new fasteners 
and fastener literature that has been 
made available within the last 30 days. 


Blind Locknut 


Blind-mounting aircraft and _ missile 
locknut is said to have major advan- 
tages over blind-type fasteners and 

te nuts for skin and structural sheet 
metal applications. Called the Davis 
Press Nut, the one-piece, self-locking 
threaded fastener is installed from the 
oe side in a single drilled hole by a 
simple pressure tool. The locknut is a 
precision tubular part, threaded in- 
temally, with a small knurled collar or 
head at one end. An annular groove in 
the interior is machined out thinner 
than the rest so that when the nut is 
pulled under axial pressure for as- 
sembly it swages out on the reverse 
side to grip the sheet. Swaging action 
draws the head end of the nut for- 
ward, embedding the knurl and mak- 
ing the head flush with the metal. 
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Knurl gives the nut a high torque-out 
value. A slight undercut around the 
underside of the head provides space 
for flow of displaced metal without 
distortion. Standard Pressed Steel Co., 
Jenkintown, Pa. 


Write No. 576 in Box on Inquiry Card 


Steel-Plastic Fastener 


Split head collar insert for plastics as- 
sues improved non-slip handles. The 
msert is made of stainless steel and 
molded into the plastic with threaded 
mid extended. Molding of the insert to 
te plastic housing increases the hold- 
mg power of the finished fastener. The 
sinless-plastic fastener is especially 

le for plastic knobs and handles. 
iseners are non-breakable, non-de- 
ming, heat and corrosion resistant 
with threads that will neither seize 
ong CSM Screw Prods. Co. Chi- 


Write No. 575 in Box on Inquiry Card 
MUQUST 1960 


Self-Clinching Fasteners 


Captive floating nut contained in fas- | 


tener permits up to 1/32” adjustment 
for compensating slightly off center 


holes in mating attachment. Suitable | 


for all materials with Rockwell hard- 
ness less than B-70 and sheet thick- 
nesses from .040” up, the unit offers 
thread sizes from 4 to 10. Fastener 
can be clinched into metal sheets by 
any pneumatic or oil-hydraulic squeez- 
ing tool and are positively locked into 
place with high push-out and torque 
resistance. Penn Engr. & Mfg. Corp., 
Doylestown, Pa. 
Write No. 461 in Box on Inquiry Card 


Self-Locking Screws 


Booklet entitled “One Piece Self Lock- 
ing Screws and Bolts” explains the ad- 





vantages of Holtite Nylok screws. One | 


page is devoted to standards such as 
insert diameter, location, protrusion, 
torque, etc. The fastener employs a 
nylon insert in the threaded section to 
provide a smooth positive locking 
action. Continental Screw Co.. New 
Bedford, Mass. 
Write No. 574 in Box on Inquiry Card 


Screw Threads 


16 page booklet is a basic guide to 
screw thread technology. It briefly out- 
lines the history of threads, defines the 
terminology used in the industry and 
explains with diagrams the differences 
between the major kinds of screw 
threads. Several pages of charts detail 
the measurements, characteristics and 
capabilities of the standard thread 
types. A torque guide outlines the nor- 
mal load values that may be applied 
to bolts of various metals. H. M. Har- 
per Co., Morton Grove, III. 
Write No. 607 in Box on Inquiry Card 


Stud Welding 


Design manual and stud specifications 
book contains data that applies to the 
use of a stud welding process, called 
Nelweld, an extremely fast and de- 
pendable method of end-welding fas- 
tener studs to steel or aluminum. In- 
cluded in the design manual are data 
on physical properties of studs, meth- 
ods of accommodating weld fillet, stud 
locating procedures and template de- 
sign, welding power requirements, di- 
mensions of portable and production 
units, standard stud types and design 
recommendations. Nelson Stud Weld- 
ing, Lorain, Ohio. 
Write No. 608 in Box on Inquiry Card 















ELECTRICAL 
ENCLOSURES? 


NOW! 


44 sizes in 
Single Door Models 


22 sizes in 
Multi-Door Models 


NEMA 12 | 7 ~ 
PANEL | ENCLOSURES 


Completely oil-tight and dust-tight. 
Mounting panel is removable. Stand- 
ard single door sizes now include many 
8” and 10” deep enclosures to accom- 
modate large circuit breakers and dis- 
connect switches. Besides two-door 
models, we now offer three, four, and 
five door models up to 1514 feet long. 
Also available in NEMA Type 4, 


13 sizes 


; ranging 
OF Cn 









NEMA 1 
PANEL ENCLOSURES 


A control housing for locations that do 
not require the oil and dust-tight char- 
acteristics of HOFFMAN NEMA Type 
12 enclosures. Removable mounting 

panel. Doors have lift-off 
hinges and plated 
“flush” latches. 










Oil-tight 
time-saving 
’ LAY-IN WIREWAY 


This new JIC Sectional 
Wireway (Patent Pending) 
offers the “‘lay-in” feature which 
simplifies installing wires from control 
point to equipment. Cover has full 
length hinge and is gasketed to seal 
out liquids. Many sizes in stock. 


Industrial 
CONSOLES 


Handsome oil-tight 
and dust tight units 
immediately avail- 
able from stock, 
you design 
expense and deliv 


save 


ery time 


Stocked and sold by Electrical Distributors 


‘ 
ENGINEERING 
CORPORATION 
Dept. ED-142, Anoka, Minnesota 
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NEC Mele ia, 
/ Controlled 


THERMISTORS 


VARISTORS 
Offer 2 / 


EXTRA 


/ BENEFITS 


/ to you— 
your product 


your sales 


EXTRA benefits because VECO prod- 
ucts are backed by years of manufactur- 
ing and design experience in solid state 
electronics, a seasoned staff of engi- 
neers, a rigid quality control system, 
and a sincere desire to assist. 


Manufactured to MIL-Q-5923 and 
other applicable MIL standards, VECO 
glass enclosed Thermistors are not ad- 
versely affected by radiation. 


VECO also manufactures Experimen- 
tation Kits, Thermal Conductivity Cells, 
Temperature Sensor Assemblies, Medi- 
cal and Biological. Instrumentation and 
a wide variety of Temperature Sensing 
Devices. 


Write for free VECO 
Technical Catalog 


BCs 

ae 
with data on more @ 
than650VECO o=™ 


stock items. ~ 


Leyok 








Visit Booth 4948 WESCON SHOW 
Aug. 23-26 Los Angeles 
Memorial Sports Arena. 
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120 Springfield Road, Union, N. J. 
MUrdock 8-7150 
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Military Electronic Components 
36 page military components catalog 
is described as an invaluable manual 
on the latest military specifications 
covering fixed and adjustable power 
resistors, precision resistors, rheostats, 
tantalum capacitors and relays. The 
catalog is said to reduce the formid- 
able maze of mil specs to a funda- 
mental basis that simplifies the writ- 
ing of “type designations” and the 
ordering of military components. 
Source: Ohmit> Mfg. Co. 

Sokie, Illinois 
For your copy: Write No. 579 on Inquiry Card 


infrared Detectors 

Detailed description of infrared radia- 

tion detectors that are uniformly sensi- 

tive throughout the entire visible, near- 

infrared and far-infrared spectrum is 
resented in a bulletin. With di: ; 

presented in a bulletin. ith diagrams, 


| curves and useful formulas, the bulletin 








describes static and dynamic character- 
istics of thermistor bolometers and also 
covers various types of window mate- 
rials. One section covers circuit design 
considerations. 

Source: Servo Corp. of America 

Hicksville, N.Y. 
For your copy: Write No. 596 on Inquiry Card 


Resins For Rubber Compounding 


16 page booklet presents the latest data 
on the properties and functions of res- 
ins for use in compounding rubber and 
in formulating rubber-based adhesives. 
Resins include the major types of 
phenolics (thermosetting, novolac, heat- 
reactive alkyl and non-heat-reactive al- 
kyl), terpene-phenol resins and pure 
hydrocarbon polyterpenes. Use of these 
resins with butyl, natural, neoprene, ni- 
trile, reclaimed and SBR elastomers is 
discussed. 

Source: Schenectady Varnish Co., Inc. 

Schenectady 1, N.Y. 
For your copy: Write No. 594 on Inquiry Card 


Sampling Oscillography 

Sampling oscillography is a method for 
pulse analysis of ultra fast circuits. Ap- 
plication note traces the history of the 
sampling technique and its recent ap- 
plication to oscilloscopes, extending 
their usefulness into a higher portion of 
the frequency spectrum. It also dis- 


| cusses general sampling considerations 


and describes the design and operation 
of a sampling oscilloscope. 


Source: Hewlett-Packard Co. 
Palo Alto, Cal. 


| For your copy: Write No. 381 on Inquiry Card 


Electronic Switch 

24 page brochure covers theory of oper- 
ation, circuit design information, chap. 
acteristic curves and the many applica. 
tions of the Beam-X switch in the fields 
of counting, coding, distributing, op. 
verting, multiplexing, switching anq 
sampling. 

Source: Burroughs Corp. 

Plainfield, N.J. 
For your copy: Write No. 595 on Inquiry Cord 


Vibration Control 

Eight page comprehensive guide to 
resilient mountings and mounting sys. 
tems for vibration, shock and_ noise 
control. Design, application and per. 
formance data are given as an aid to 
the selection of the right bonded rub- 
ber mounting or flexible mounting sys- 
tem for any particular job. 

Source: Lord Mfg. Co. 

Erie, Penna. 
For your copy: Write No. 604 on Inquiry Card 


DC Contactors and Relays 


32 page catalog covers contactors and 
relays for all dc industrial control. 
Standard frame-and-coil assemblies and 
a “universal” contact block or interlock 
element is said to permit great design 
flexibility. Included are _ illustrations, 
layout and schematic diagrams, appli- 
cation data, specifications for general 
purpose contactors (25-100 amp), 
mill-type contactors (100-2,500 amp), 
time delay contactors, general purpose 
and timing relays, instantaneous-over 
load and thermal-overload relays, field 
loss relays, field accelerating and de 
celerating relays and high drop-out 
relays. 

Source: General Electric 


Schenectady, N.Y. 
For your copy: Write No. 605 on Inquiry Card 


Clutches and Differentials 


48 page pocket-size catalog preset 
data on a complete line of magneti 
clutches and precision differential 
The magnetic clutches meet stringetl 
Mil-E requirements with ambient tet 
peratures of 125 C, vibration throw 
2000 cycles, noise, extreme shock 
high reliability of operation under com 
binations of conditions. The mechaniel 
differentials meet Mil-E-5272C. 
Source: Sterling Precision Corp. 


Instrument Division 
Port Washington, L.I.,N.Y. 


For your copy: Write No. 606 on Inquiry Card 
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shaft Position Encoders 


2 page brochure gives complete speci- 
feations for 13-bit, 8-bit, and incre- 
mental encoders. In addition, operat- 
ing principles of a new type of mag- 
netic readout is described in detail with 
ilustrations. Recommended simplified 
transistor circuitry is given for interro- 
gation playback, detection and amplifi- 
cation of the encoders. A conversion 
table of binary code to decimal or Gray 
codes is included. 

Source: ASCOP, Div. of Electro-Mech. 


Research, Inc., Princeton, N.J. 
for your copy: Write No. 503 on Inquiry Card 


Fluid Systems 


140 page catalog on industrial fluid 
ystems provides complete dimensional 
and functional data on all types of 
hoses, fittings, adapters and self-sealing 
couplings. All specifications, such as 
pressures, temperatures, bend radii, 
etc, are included. 
Source: Aeroquip Corp. 

Jackson, Mich. 
for your copy: Write No. 538 on Inquiry Card 


Electronic Components 


%88-page electronic products catalog is 

ton tubes, electronic instruments, in- 

dustrial systems and microwave instru- 

ments. Types of components and sys- 

tems include photomultiplier tubes, 

Klystrons and cavities, secondary emit- 

ls, travelling wave tubes, oscillo- 

scopes, analogue computers, tape 
ks, stroboscopes, transducers, bal- 

acing machines, closed-loop TV sys- 

lems, power supplies, signal generators, 

attenuators, and many others. 

for your copy: 

tite on your company letterhead to: 

ficHfman Electron Tube Corp., 

04 Newbridge Ave., Westbury, L.I., N.Y. 


Springs 


2 page catalog, listing over 750 
‘pings, is said to help eliminate time- 
‘nsuming calculations. Types include 
‘impression, extension and instrument 
made of music wire and stainless steel. 
Units meet mil specs. 
Source: Lee Spring Co., Div. of Leetronics 
for 30 Main Street, Brooklyn, N.Y. 

Your copy: Write No. 331 on Inquiry Card 
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Timing and Control Devices 


30 page reference for automation com- 
ponents and control systems covers tim- 
ing components and linear measuring 
systems for industrial and military use. 
Standard timers and counters are re- 
viewed and specs and characteristics 
are listed. Also included are differen- 
tial transformers, motion transmitters, 
edge guide, pressure transmitters, de- 
modulators, indicators and _ recorders. 
Control relays, servo mechanisms, am- 
plifiers and servo kits are also de- 
scribed. 

Source: Automatic Timing & Controls, Inc. 


King of Prussia, Penna. 
For your copy: Write No. 563 on Inquiry Card 


Gears 


128 page master catalog lists over 
50,000 components. Section lists mini- 
ature, precision gears cut to center 
distance. By holding this center dis- 
tance to nominal, a backlash of 0.0002 
to 0.0008 intermated eliminates possi- 
bility of binding. Also included are 
differentials, speed reducers, gearheads 
and design kits available for experi- 
mental needs. 


Source: Dynamic Gear Co., Inc. 
Amityville, N.Y. 
For your copy: Write No, 565 on Inquiry Card 


Capacitors 


20 page booklet covers general pur- 
pose disc and tubular ceramic capac- 
itors. Included are detailed specs on 
temperature compensating, tempera- 
ture stable and semi-stable, bypass, 
high and low voltage types as well as 
resistor-capacitor combinations. Gen- 
eral technical data includes tempera- 
ture compensating curves, tolerance 
charts and color code tables. 

Source: Centralab, 


Milwaukee, Wis. 
For your copy: Write No. 562 on Inquiry Card 


Silicon Rectifier 


42 page silicon rectifier handbook pro- 
vides specification data on more than 
80 separate rectifier units with range 
of 50 to 600 volts PIV and % through 
400 amperes. Includes technical data 
on selection and application factors. 


Source: Standard Rectifier Corp. 
Santa Ana, Calif. 
For your copy: Write No. 564 on Inquiry Card 





Better Product Design 


with INDOX V Magnets 





























































Is one of your products up 
for redesign? Then now is 
the time to investigate 
INpDOox V — the ceramic 
permanent magnet mate- 
rial that helps improve 
product design while it re- 
duces production costs. 


What is INDOX V? 
INDOXx V is the first highly 
oriented barium ferrite ma- 
terial ever produced in this 
country. It is lighter than 
metallic alloy magnets, and 
344 times more powerful 
than non-oriented ceramic 
magnets. Here are several 
' special properties: 
| High coercive force. 

' This means high resistance 
_ to demagnetization, much 
shorter magnet lengths. 

High resistivity. 

Eddy current losses and 
associated heating effects are 
very low. 

Low incremental permeability. 
Smaller flux changes in the 
presence of external fields. 























APPLICATIONS 
Electronic 
Loud-speakers, ion pumps 
Holding 
Refrigerator latches, 
conveyors and automation, 
magnetic switches and 
chucks 
Electromechanical 
AC rotors, DC fields, 
synchronous drives, 
generators 
Miscellaneous 
Temperature control, 
magnetic separation 














High energy. 
On an equivalent weight 
basis, the BHmax is compa- 
rable to that of powerful 
ALNICO V. 
Resistance to radiation 
environments. 
INDOX V meets or exceeds 
requirements for use in nu- 
clear-powered aircraft, mis- 
siles and space vehicles. 
Available from stock now 
in standard-sized wafers, 
rings and cylinders. Special 
sizes and shapes for almost 
any application. Tell us your 
requirements! For complete 
data, writeforBulletin V-8. 
INDIANA STEEL PRODUCTS 
Division of 

Indiana General Corporation 

Valparaiso, Indiana 


INDIANA 
PERMANENT 


MAGNETS 
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MANAGEMENT 


STAFF COLUMNIST 
Hyman Olken 


LAWRENCE RADIATION LABORATORY 
University of California 


Livermore, California 








The Inventing Process 


Inducing the Spark, Part Il 


In the previous section of this column, January 1960 issue, 
we pointed out that psychologists have divided the invent- 
ing process into four stages: 

Preparation, Incubation, Illumination, Verification and 
Elaboration. 

Usually when the mind starts to solve an invention prob- 
lem, it picks idea elements or patterns already on hand, 
generally those that are most familiar. But more often than 
not, the first pattern picked is the wrong one, and the 
more ideas are organized around this incorrect pattern, 
the more difficult it is to break away from. 

Breaking through this barrier may be accomplished in 
one of four ways: 

@ By the impact of an accident. 

@ By becoming convinced from long frustration that the 
pattern being used is the wrong one. 

@ By following one line of thought around a circle until 
headed in the opposite direction. 

@ By temporarily abandoning the quest and resuming it 
after the old approach has been forgotten. 

Impact of an accident has been responsible for shifting 
inventors’ lines of thinking to new and correct patterns in 
many cases. Most familiar are the classic examples of Good- 
year’s accidental invention of the vulcanization of rubber 
when some rubber and sulphur were dropped on a hot 
stove, and Perkin’s discovery of how to make aniline dyes 
when he added alcohol to a mass of coal tar. The reader 
who is interested will find many other instances in stand- 
ard lists of accidental inventions (see Anonymous, Acci- 
dental Discoveries, Mechanical Engineering, 1926, No. 
1948, pp. 865-866) and particularly in Rossman’s treat- 
ment of accidental invention (see Rossman, J., Psychology 
of the Inventor, Chapter VII). 

Einstein's origination of the relativity theory is a classic 
case of a scientist becoming convinced, after long failure 
to fit idea elements to a familiar pattern, that he is using 
the wrong pattern. It took him seven years to give up the 
long established idea pattern of classical physics that space 
and time are constants and the velocity of light is a vari- 
able, for the idea pattern that light velocity is a constant 
and space and time are variable depending on the posi- 
tion of the observer. Because the first idea pattern had the 
prestige of a body of knowledge built up over centuries, 
it took a great imagination to question and then abandon 
it. (see Wertheimer, Max, Productive Thinking. Harper, 
New York, 1945; also Platt, W., and Baker, R. A., Rela- 
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tion of Scientific Hunch to Research. Journal of Chemicgl 
Education, Vol. 8, 1931, pp. 1969-2002). 

A good example of following one line of reasop 
around a circle till it heads in the opposite direction jg 
afforded by the example, given in Rossman, of the inyey, 
tion of a can soldering machine (Rossman, J., Psycho 
of the Inventor. Figures 1-13, page 65). The inventor was 
convinced, at the start, that he couldn’t bend the Surface 
of a solder bath upward to meet the ends of the can, » 
he reasoned that solder in wire or bars, applied to the eas 
with a soldering iron, would have to be used. But whey 
he had followed out this approach about midway to jg 
logical conclusion he found it led to a way of lifting up the 
surface of a solder bath (by capillary attraction) to meg 
the end of the can being soldered. 

Probably the most common procedure of inventors in 
overcoming the barrier to the illumination stage jg 
temporarily abandon work on the problem. During thy 
interval the earlier line of approach frequently dies Out, 
and on reattacking the problem the mind takes a new and 
often the correct approach or pattern. This is not a Posi. 
tive procedure but the one most commonly described 
Probably the most famous and universally cited case 
Poincare’s invention of Fuchsian functions (Poincare, 
Foundations of Science. The Science Press, New York, 
1913, pp. 387-388). For the industrial inventor, howeyer 
the following instance (quoted from G. A. Abbott, Se 
Platt and Baker, cited above, p. 1977) will be of greater 
interest: 

“While a graduate student at Tech I was engaged in the 
study of the problem of determining the successive ioniza. 
tion constants of ortho-and pyro-phosphoric acids. A yey 
promising method (at that time direct ph measurements 
were not made) was the direct measurement of the hydw. 
lisis of the ammonium salts of these successive acids, This 
was attempted by shaking the hydrolized solution with a 
immiscible solvent which would dissolve ammonia. Chlop. 
form was found to be suitable, and the attempt was mate 
to measure the partition coefficient of ammonia betwea 
water and chloroform. Upon shaking the ammonia st 
tion with the chloroform, emulsions of water in chlorofom 
were obtained which completely vitiated the method, 

“After intense concentration and many vain attempts t 
overcome this difficulty, I reluctantly decided to abandm 
this method. . . . I decided to. . . . completely forget my 
work. . . . Freeing my mind of all thought of the problem 
I walked briskly. . . . when suddenly. . . . an idea poppel 
into my head. . . . as if a voice had shouted it in the 
words: In pharmacy and in industry, we clarify emulsion 
by means of a high speed centrifuge; such a method would 
be impractical in a thermostat. But if rapid whirling fort 
brief time will do it, why will not slow rotation for a longer 
time accomplish the same results? 

“, . . + I returned to the laboratory, placed three lite 
bottles of the materials on the stirrer of the bath in sit 


a way that the solutions were rotated, bringing altemit} 


layers of water and chloroform in contact with the 


of the bottles. I then went to lunch. . . . Upon my ret} 


more than an hour later I was delighted to find that t 
two phases had separated perfectly. The method was # 
plied with success and soon led to a definite solution off 
problem... .” 


FOLLOW THROUGH 


The chain reaction of “illumination” does not end mei 









with a glow of satisfaction and an exclamation of “E 
It triggers two other chain-reactions: One is a chai 
ideas visualizing experiments or devices that will 
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soundness of the “flash” solution. The other is a train 
of thought for further applications of the invention im- 
by the solution. 

For example, consider Mendeleef’s abstract but very 
yseful invention—the Periodic Table of chemical elements. 
He conceived the idea of arranging all the elements in the 

of increasing atomic weight on a grid or checker- 
jpard so that all those of like chemical properties fell in 
me column. This table had some gaps, which implied that 
there were unknown elements that would fit into the un- 

spaces in the table. In addition, the position of these 
Hanks in the table implied what the properties and char- 
gteristics of these elements would be. Verification of 
Mendeleef's concept, therefore, called for conceiving ex- 

‘ments for discovering and identifying these missing 
dements. That is exactly what not only Mendeleef but a 
ost of chemists and physicists ever since Mendeleef’s day 
lave been endeavoring to do. And only recently, with the 
golution of nuclear physics and transmutation of the ele- 
ments, have we completely filled the table, thereby ful- 
filing the implications of Mendeleef’s concept and verify- 
ing the concept itself. 

A striking description of the entire four-stage procedure 
of inventing, as applied over and over again in the field 
of crystallography, is contained in the following account 
condensed from an article by Sir. Laurence Bragg, who is 
himself eminent for creativity in that field (see Bragg, Sir 
lawrence, Recent Advances in the Study of Crystalline 
State. Science, Oct. 29, 1948, Vol. 108, No. 2809, 455- 
463). 
Pins Laue made the suggestion that the regularly- 
placed atoms in a crystal would act as a diffraction grat- 
ing for X-rays. Therefore, projecting a beam of X-rays 
tough a thin layer of crystalline material onto a photo- 
gaphic plate would cause the plate to show a “diffraction 
pattem” of regularly arranged spots resulting from the 
tlection of the X-rays by the regular arrangement of atoms 
in the crystal. Obviously these patterns of spots could be 
interpreted to reveal the architecture of atom arrangement 
in the crystal. 

For many simple crystals this process is easy, but for 
wmplex molecules having a variety of different atoms in 
iiiticate arrangement it is very difficult and complex. 

in the pattern of diffracted spots lies all the in- 
fimation required to establish the structure, if only one 
tm find the ‘open sesame’ which would reveal the trea- 
sure.” 

$0 difficult is this problem that “. . . . No way has yet 
been found of arriving . . . at a solution by a mathemati- 
Gl treatment. . . .” So only one thing remains—invent a 
thicture (atomic arrangement) to fit the diffraction pat- 
tm obtained for each crystal. 

is it done? The analyst has before him the separ- 
tle bits of a jig-saw puzzle, each one of them being a 
Patiodic element in the structure, and he has to fit them 
ether so that they build up a picture which makes sense, 
mating by this a distribution of scattering matter cor- 
Mponding to the atoms which he knows to be there.” 
_l0 solve this jig-saw puzzle “. . . the crystallographer 
MS to fall back on a process of trial and error. In effect, 
has to guess a likely structure, calculate how it would 
and compare with observation. If there is no cor- 
ce, a fresh guess has to be made. In making 
fuesses at possible arrangements, he draws on a wealth of 
— of the way atoms associate together in space, 
mained from previous analyses. He pushes the atoms this 


has previously explored which have proved to be 
+. . Finally, after six months or longer, and if he is 


Ff ah that, remembering, as he does so, the many other 



























fortunate, everything clicks into place. An arrangement is 
found that fits so well to the most important observations 
that it is clear he is on the right track at last. Once the 
general scheme is discovered, the final adjustments are 
relatively easy, and one more example is added to the 
growing list of known structures.” 

And immediately in the wake of this “flash” solution 
comes the verification that it is correct. “. . . Again there 
is a curious characteristic of this crystal work: We can be 
sure of our results. Further refinement may be made later, 
but the evidence that our guess is right in the main is 
quite overwhelming and certain.” 

The “flash” also brings on immediately a whole chain 
of thoughts on further applications implied by the solu- 
tion. “. . . . the successful analysis of one structure often 
leads to quite a new understanding of a whole range of 
forms of matter. The structure of diopside, for example, 
marked the turning point in understanding the nature of 
all silicates; the structure of one polyacid shows how they 
are all built up; the structure of a few simple salts led 
Pauling to formulate the.rules which determine the struc- 
ture of inorganic compounds in general.” Or, as he so 
aptly puts the whole business of verification and elabora- 
tion a little further on, “ . the solution seems so ob- 
viously right once it has been found, and explains so much.” 

The above discussions may help in cultivating our in- 
ventive abilities. But the greatest help to the growth of 
this ability is to study the techniques exemplified in the 
work of outstanding inventors, and to practice the appli- 
cation of these techniques in actual problems. The re- 
mainder of this series of columns will be devoted to point- 
ing out such techniques and to providing exercises for 
their application. 








‘TORQUE WRENCH’ MANUAL 


Formulas 
Applications 
Engineering Data 
Screw Torque Data 


ADDISON [QUALITY] /LLiNols §=©General Principles 


Manufacturers of over 85% of the torque wrenches used in industry 


SENT UPON REQUEST 
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As tall as a 
7-story 


building... 
but it uses 
tiny BRISTOL 
CHOPPER 





More than 40,000 parts, each of which must meet the most 
stringent reliability standards, make up the U. S. Atlas inter- 
continental ballistic missile, built by prime contractor Convair 
(Astronautics) Division, General Dynamics Corporation. 

Among these parts is the Bristol Syncroverter* chopper... 

adding to its record of service in U. S. guided missile systems 
of almost every type since their very beginnings. 
Billions of operations. To insure the reliability so necessary 
in aircraft and missile operations, Bristol Syncroverter chop- 
pers are constantly under test at Bristol, with and without 
contact load. One example: We’ve had five 400-cycle choppers 
operating with 12v, 1ma. resistive contact load, for more than 
26,000 hours (2.96 years) continuously without failure —over 
37-billion operations! 

Many variations of Bristol Syncroverter choppers and high- 
speed relays are available—including external-coil, low-noise 
choppers. Write for full data. The Bristol Company, Aircraft 
Equipment Division, 181 Bristol Road, Waterbury 20, Conn. 

*T.M. Reg. U.S. Pat. Of. 


BRISTOL FINE PRECISION INSTRUMENTS FOR OVER SEVENTY YEARS | 
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Terminals 


36 page catalog covers terminals ty. ‘ 
minal boards and strips, banana jak 
and plugs and other parts for in 

and the military. Also contained are 
charts of basic information on typical 
values of laminates, including general 
physical and electrical properties af 
those used in manufacturing terming 
boards and special fabricated parts, 


Source: National Tel-Tronics Corp. 
Yonkers, N.Y. 
For your copy: Write No. 307 on Inquiry Con 


Components Testing 


Guide is available to aid the design ep. 
gineer in choosing the right test and 
sensing component. Chart contains 
complete specs on _ panel lights 
switches, fuseholders, test prods and 
jacks and molding materials. Guide 
can be tucked into vest pocket or hung 
on a wall for ready reference, 


Source: Alden Products Co., 
Brockton, Mass. 
For your copy: Write No. 308 on Inquiry Cord 


Connectors 


52 page catalog describes a complete 
line of plug and receptacle connector 
with crimp-type snap-lock contacts, | 
selector chart details many significat 
characteristics. Technical discussion 
plating types with specific applications 
along with a discussion of installation 
tooling, its functions, features am 
characteristics are included. Miniature 
rectangular, rack and panel, coax aul 
miniature coax, modular, general pit 
pose, printed circuit-edge-type and pit 
type and other connectors are cov 
Source: Burndy Corp., 


Norwalk, Conn. 
For your copy: Write No. 332 on Inquiry Car 
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Zener Diodes xe 


100 page study of zener diodes 04 
with an introduction to semicone 
theory and reverse breakdown ai 
lows with a detailed and _illusta® 
examination of design considet 
and thermal and operating chara 
tics of the diodes and referente® 
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COMPONENTS DIGEST HANDBOOK 1 


I$ months ago the magazine — ELECTROMECHAN- 
ICAL DESIGN — initiated a series of studies of im- 
portant electromechanical components in use today. The 
sries, titled “Components Digest,” has been a widely 
acclaimed feature of the magazine ever since. 


Now, nine of these exhaustively researched studies 
have been collected and published as COMPONENTS 
DIGEST HANDBOOK No. 1. 


The handbook is designed specifically to give the 
busy design engineer a complete survey of each sub- 
ect. To enable him to select and specify the proper 
components. 


Each category is thoroughly examined, documented 
ad extensively illustrated with photos, charts, tables, 


_ Please send me 
| » lenclose 


copies of Components Digest Handbook No. 1. 
. payment at $7.00 per copy. 





diagrams and exploded views of components and their 
performances. You will find complete 


Descriptions of types, sizes and measurements 
Construction Information ¢ Design Applications 
Selection Factors © Performance Characteristics 
Military Specifications 

Reliability Assessments 

Nomenclature and Definition Tables. 


If you were to assemble all of the data from all of 


the sources involved it would easily fill four filing 
cabinets. 


The handbook makes a rich sourcebook of design 


information. One that neither you nor your company 
can afford to be without. THE PRICE — $7.00. 


Clip and Mail Today to 
ELECTROMECHANICAL DESIGN 
_ 1357 WASHINGTON STREET. WEST NEWTON 65, MASS. 
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Combining diffused base technology 
with epitaxial film techniques is ex- 
pected to have far reaching implica- 
tions in both the fabrication and ap- 
plication of semiconductor devices. 

Major reductions in switching time 
and collector resistances of diffused 
base transistors have been realized at 
Bell Telephone Labs by the use of 
epitaxially grown films. 

Diffused base transistors require a 
relatively high resistivity collector 
region in order to attain low capaci- 





General 


tance and high voltage breakdown. 
Typically, to afford ease of mechanical 
handling, this region has been much 
thicker than required electrically. The 
excess width increases the collector re- 


RESEARCH 


Epitaxial Film Reduces Switching Time 




















DIFFUSED BASE TRANSISTORS 


sistance and, through carrier Storage, 
the switching time. 

Ideally, the width of the lightly 
doped collector region should be jin 
the neighborhood of 0.1 mil, which js 
about a factor of 30 narrower thay 
normally used. Semiconductor wafers 
prepared by conventional methods be. 
come extremely difficult, if not impos. 
sible, to handle as they approach this 
desired width. 

Bell Telephone Labs solved the prob. 
lem by using epitaxial film techniques, 
Lightly doped epitaxial films wer 
grown on and supported by a low re. 
sistivity substrate giving the desired 
combination of electrical properties 
and mechanical strength. The tem 





Purpose 
Relays 


MEASURE ONLY: 
14"x14%’"’x1hK’ 


BUT CARRY: 

to 25 A. resistive at 115-230 V., 
A. C.; 1 hp.» 125 V., 2 h.p., 
250 V., A.C.; D. C. and other 
higher ratings on request. 
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THICK LIGHTLY 
DOPED HIGH 
RESISTIVITY 

COLLECTOR REGION 
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CONTACTS: 

DPDT, Double Break-Double 
Make (Form Z). Special ar- 
rangements and sequence on 
request. 


| MOUNTINGS: 

Socket, panel and sidewall ar- 
rangements standard; others 
to meet special needs. 


| “Diamond H” engineers are 
prepared to work out varia- 
tions of these rugged, depend- 
> able relays to meet your spe- 
>) cific requirements in such ap- 
) plications as automation 
controls, appliances and air 
ae equipment, or 
what you will. Just ask. 


THE 


HART 


MANUFACTURING 
COMPANY 


272 Bartholomew Avenue 
Hartford, Conn. 


Phone Jackson 5-3491 
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EPITAXIAL FILM 
LIGHTLY DOPED 
HIGH RESISTIVITY 


HEAVILY DOPED VERY 
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SINGLE CRYSTAL 
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Fig. 1 (A) Conventional diffused base 
transistor in which the excess width of 
the collector region, necessary for 
mechanical strength, is formed of 
lightly doped, high resistivity material, 
increasing the collector resistance and, 
through increased charge storage, the 
switching time. (B) Epitaxial diffused 
transistor construction. Here the width 
of the lightly doped collector region 
has been minimized by using an epitaxi- 
al film grown on and supported by a 
heavily doped, low resistivity substrate. 
This structure gives the desired reduc- 
tion in both series resistance and 
switching time while maintaining me- 


chanical strength. 

New technique involves modificatiot 
of the starting material and can be 
introduced directly into the. front 
of the existing diffused base produciitt 
facilities without any further change 
Single crystal wafers of heavily doped 
material are first cut and A 
lightly doped thin film (about 0.1 mil) 
‘of the same conductivity type is i 
deposited epitaxially on the wafer #® 
face. This film provides the 
thin, lightly doped collector regit® 
From this point on, standard 
base techniques are employed. 
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“epitaxial” means that the film is a 
direct extension of the single crystal 
gructure of the substrate wafer. 

Diffused base transistors have been 
made at Bell Telephone Labs on epi: 
axial layers of both germanium and 
glicon and have exhibited the theoreti- 
ully predicted improvements. For ex- 
ample, in two similar silicon transistor 
gnictures, one conventional and the 
gther using the epitaxial material, 
switching time in a typical circuit has 
heen reduced from 200 to 20 milli- 
microseconds. Collector series resist- 
mee of the epitaxial transistors was 
reduced by a factor of more than 10, 
comparable to that of conventional de- 
vices 15. times larger. 

In addition to improvements in 
switching time and collector resistance, 
the new technique simplifies the de- 
sgn and understanding of transistor 
devices and brings them closer to ideal 
fms, such as n-p-i-n structures. The 
addition of the epitaxial film technique 
to the well established diffusion tech- 
nology provides an extra degree of de- 
ig freedom which should result in 
new devices previously difficult or im- 
possible to achieve. 





WORTH FILING 
Digital Circuits 


Brochure entitled “Transistor Digital 
Citeuits” describes advanced solid state 
tansistor and magnetic components. 
Among the units described are card 
iad modular circuits, shift registers, 
files, amplifiers, oscillators, pulse 
. delay multivibrators and flip- 


for your copy write on company letterhead to: 
Components Div., Epsco, Inc. 
275 Mass. Ave. 
Cambridge, Mass. 


lr and Vacuum Pumps 


2 page catalog describes rotary posi- 
Wm air pressure and high vacuum 
Bs, gas boosters and air motors. 
are details of construction, 
msions, capacities, performance 
fon all pumps plus comprehen- 


ring and application data. 
leiman Bros., Inc., 
NJ. 


Wyeir copy: Write No. 311 on Inquiry Card 
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Rotary-switch Contact Structures 


An important difference between 
the rotating-blade switch and the 
cam-operated switch is the way con- 
tacts are made and broken. In the 
rotary switch, a wiping contact is 
provided. The movable contact 
wipes across the full width of the 
stationary contact(s), clearing away 
dirt or corrosion as the switch is 
operated and keeping the contact 
area clean so as to minimize contact 
resistance and consequent heating. 
In some types 
of light-duty 
switches, the 
wiping action oc- 
curs at one side 
of each contact. 
Forswitches that 
must handle 
moderate or heavy currents (5 
amperes to 200 amperes), the wip- 
ing action usually occurs on both 
surfaces of one contact (usually the 
stationary contact) and on the inner 
faces of the double-blade contact 
that mates with it. 





Rotary-switch Drive Mechanisms 


Two general types of drive mech- 
anism are used with rotary switches. 
They are the direct drive with detent 
and the snap-acting type. The direct 
drive is generally used with light- 
duty switches or with switches 
having more than eight stationary 
contact positions. The detent action 
holds the movable contact in align- 
ment with a stationary contact by 
spring loading. This is often ac- 
complished by having the stationary 
contact slightly below the surface of 
the insulating deck and depending 
on the resilience of the movable con- 
tact to hold the contacts in line. 
While this construction is often ade- 
quate for light-duty switches, a more 
positive detent action is required 
where maximum life, reliability, and 
stability are necessary. Such action 









Cutaway view of Type JR Switch 
showing positive detent mechanism. 


is provided by a separate detent 
mechanism in which the detent 
springs are not part of the electric 
circuit and the position of the con- 
tact-carrying rotor is established by 
a star wheel that engages spring- 
loaded balls or rollers. 


With the direct drive, the speed 
of contact opening or closing de- 
pends on the way the operator turns 
the switch handle. In direct-current 
circuits, it is desirable to make and 
break contact quickly. One way to 
accomplish this is by using a snap- 
acting drive mechanism. Turning 
the switch handle winds a spring 
and, when enough energy has been 
stored up, the spring snaps the 
movable contact quickly into the 
next position. Because of the me- 
chanics involved, this action is gen- 
erally provided only for four-posi- 
tion switches although it can, under 
some circumstances, be furnished 
with eight-position switches. 


Rotary-switch Circuit Possibilities 


One of the most important ad- 
vantages of the rotary switch is its 
adaptability to control of complex 
circuits. This aspect of design will 
be discussed in the next advertise- 
ment in this series. 


ESCO Bulletin No. 8A, containing useful information on the 
construction and application of rotary switches, as well as 
examples of ESCO switches that utilize the design principles 
discussed in these advertisements, will be sent you on request. 


—k-Yoro mm Ae 4\ileliha. 


ELECTRO SWITCH CORP. 
Weymouth (Boston 88), 
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Fig. 1 Machinery mounted on pads of Vibra-Check cannot creep or crawl because 






of the high coefficient of friction of the material and the vacuum suction cup Dr. Hu 

design molded into the parallel upper and lower contacting surfaces. Leveling the piezoel 

problems are minimized since no extruded elevations exist. terials whil 
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Anti-Vibration Material Simplifies Installation and Relocation of Wiachines stant seeme 


Placing pads of an anti-vibration ma- 
terial called Vibra Check under the 
base or feet of heavy rotary or recipro- 
12 t cating machinery prevents any creep- 
0 ing or crawling of the equipment, thus 
avoiding any need for bolting or 
500 RINGS lagging it to the floor. The manufac- 
turer, Lowell Industries, Inc., of Boston, 

Mass. say this new material will isolate 


from 40% to 90% of vibrations in the 
A standardized line of large Slip Ring frequency range from 30 to 100 cps. 








assemblies, designed for a multiplicity of In applications involving light unit 
instrumentation, control and power cir- loadings, such as for small business 
cuit applications. First production assem- machines and delicate instruments, 
blies are in use on radio telescopes, bolting down the equipment is recom- 
radar and tracking antennas and human mended to increase the loading on the 
centrifuge installations. mounting pad for efficient vibration - 
isolation. ss - —_ 


Assemblies vary from 12” to 72” in 


sith ni Ged shit or ines belt Vibra-Check is a synthetic material fijg,2 Vibra-Check can be successfully 


: . composed of two layers of tough vinyl jnstalled to reduce vibration resulting Needles an 
ome we 21 sogtenedinee deed a: chloride elastomeric .resin bonded to from operation of any type of machine | Zine oxide 

aap Seonatony rage apne both sides of a strong reinforcing core tool, textile machine, or other rotary® | gown cadn 
_ apetelapecaaagipibecee ocagentingdivty of monofilament fiberglas. These com- reciprocating impact-producing machi® 7 tip conctant 


intercircuit losses, crece-taik and redie- ponents are fused under heat and high &*Y- CHS respe 
an, Cough preper ieing. pressure to form a unit of three layers coupling co. 
with three different natural frequencies be approxim 
which isolate and absorb a wide range lor CdS, ¢ 





For complete information, write: of vibrational modes. It is resistant to 


moisture, oils, greases, detergents, is greatly simplified and made most — . 
—_* ~~ — brine, solvents, and many other chemi- favorable dollar-wise since Vibra-Check 
cals. Therefore, it is easy to keep clean can be used over again. To relocate’ WORTH FI 
and will not deteriorate. Under high machine it is only necessary to jack up Birewave 
shock load, it shows no deformation or the base, remove the pads and relocate Boag 
permanent set. Its high breaking point them and the machine in the new po ge Cate 
of 7500 psi, its dimensional stability tion. Vibra-Check is available in shee ey da 
SLIP RING COMPANY and high-impact flexural and tensile 22” x 23”, or it can be furnished cut all curn 
of AMERICA strength insure its re-usability. The sizes suitable for base and feet of aly tary micro\ 
3612 West Jefferson Bivd., Los Angeles 16, Calif. | new material also has the advantage machine so as to yield a unit loading @ on cab 
of economy. Costs of original installa- 50 to 100 psi, the area of its gr devices 


. tions are comparatively small. In addi- _vibration-absorptive efficiency. 
tion, subsequent relocation of machinery Write No. 557 in Box on Inquiry Card 
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EW PIEZOELECTRIC 


| COMPOUNDS 


ae 


hanical Coupling 


Coefficient Four Times 
that of Quartz 


The discovery that zinc oxide and cad- 
mium sulfide are strongly piezoelectric 
has just been revealed by A. R. Hutson 
of Bell Telephone Labs. 

Dr. Hutson decided to investigate 
the piezoelectric constants of these ma- 
terials while studying some of their un- 
yual conductivity properties, especial- 
ly the large magnitude and temperature 
dependence of the phonondrag effect 
observed in thermoelectric power meas- 
wements. A large piezoelectric con- 
sant seemed to explain these anomolies 
theoretically, but had never been ob- 
served experimentally. 

Both zinc oxide and cadmium sulfide 

fave long been recognized as n-type 
gmiconductors. Zinc oxide usually 
a room temperature resistivity 
han 10° ohm-cm which effectively 
out all experimental evidence of 
electricity. 
“The conductivity of the zinc oxide 
ms ‘quenched’ by diffusing lithium 
aloms into the material, to act as ac- 
ceptors for the excess electrons which 
Wete contributing to the conductivity. 
When this was done, the resistivity of 
thematerial was raised from 10° to 1012 
dim-em at room temperature. 

Resonance - anti - resonance measure- 
ments and direct squeeze measure- 
ments were made on vapor-phase grown 
teedles and flux-grown platelets, of 
me oxide and on the vapor-phase 
fown cadmium sulfide. With dielec- 
fie constants of 8.2 and 9 for ZnO and 

respectively, electromechanical 
ing coefficients were calculated to 
be approximately 0.4 for ZnO and 0.2 
fot CdS, compared with 0.095 for 
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WORTH FILING 


Microwave Antennas 


[page catalog provides detailed en- 
@iieering data on 60 antennas cover- 
current commercial and mili- 
Microwave frequency ranges. 
cables, waveguides and anti- 
devices are also listed. 
Source: Andrew Corporation, Chicago, Illinois 
For Your Copy: Write No. 431 on Inquiry Card 
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BBSM VACUUM VALVES 





say,“STOP” and“GO” and Mean It! 
































The new Series BBSM KINNEY Vacuum Valves form 
a reliable force of “Traffic Cops” for your Vacuum 
systems. In sizes 1”, 142”, 2” and 3”, these Bronze 
Bellows Sweat Fitted Valves are especially designed 
for Vacuum applications having soldered or brazed 
manifolding. They are of the globe type with non- 
rising stem, with positive isolation of rotating parts. 
The brass bellows is sealed to the seat disc and bon- 
net flange by static O” rings of Buna N. 


Assembly of KINNEY BBSM Valves into the Vacuum 
system is supremely simple. Removal of stem, cover 
and bellows assembly as a unit from the body of the 
Valve is accomplished by unscrewing four cap 
screws — thus replacement of bellows is no problem. 
Each KINNEY BBSM Valve is mass spectrometer leak 
tested to assure vacuum tightness. 







WRITE FOR 
CATALOG 
BULLETIN 


NO. 3421.1A 


TODAY! 


KINNEY vacuum DIVISION 
THE NEW YORK AIR BRAKE cOMPAKY (ff) 
3521H WASHINGTON STREET ° BOSTON 30 - MASS. 


t Please send me Bulletins 3421.1A and 3421.3 giving full 
information and prices on KINNEY BBSM Vacuum Valves. 





Name 





i Company 


& 
® Address 
a 








z 
8 City Zone___ State 
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SPECIFICATIONS 
BY Une 
YARD | 


0 
1000 -+ with over 1000 standard so- 
lenoid designs to choose from, and the 
largest engineering staff in this field... 
PSP can quote highly critical specifications 
literally by the yard. 


State your problem: PSP engineers will se- 
lect or modify standard models, and cus- 
tom engineer units to solve your specific 
system or component problem. 


Environmental, qualification, and produc- 
tion testing laboratory . . . parts fabrication 
shops ... complete within PSP's facility— 
provide unequalled flexibility to meet strin- 
gent requirements. 


SOLENOIDS AVAILABLE: DC Linear; 6 to 
300 VDC, and AC 400 CPS Rectified Types 
to 4” diameter © Sub-Miniature Types ¢ 
High Temperature Types to 1000°F @ Cry- 
ogenic Types to —400°F e¢ Pressurized 
Types to 10,000 psi ¢ DC Rotary Sole- 
. noids, 6 to 300 VDC, sizes 34” and larger; 
0° to 60°, CW or CCW rotation. © Inter- 
mittent or continuous duty models, to MIL- 
$-4040C, MIL-E-5272 and MIL-E-5400 e 
Mounting and electrical connections to re- 
quirement ¢ Other PSP products: Minia- 
ture Solenoid Operated Pneumatic Valves 
 Solenoid-Switch Assemblies. 


Write for detailed information on specific 


requirements. 
IP |P 
&% 


engineering company 
DIVISION OF IMC MAGNETICS CORP., N.Y. 

6058 WALKER AVE. ¢ MAYWOOD, CALIF. 

LUdiow 34785  @ TWX LA 1664-U 
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BOOK REVIEWS 








Automatic Data Processing 
Systems 


Robert H. Gregory and Richard L. 
Van Horn 

705 pages, $8.75 

Wadsworth Publishing Co. 

431 Clay St., San Francisco, Cal. 


Dealing with business-data processing, 
this book requires no previous know]- 
edge of electronic computing systems 
or computer programming and systems 
analysis. The book was originally 
written as an automatic data processing 
systems program for the education of 
top management. For this reason the 
authors blend a theoretical and practi- 
cal approach to data processing to ex- 
plain the why and the what and the 
how of this field. Readers with varied 
interests can start at various places in 
this book with no’ loss of information 
or usefulness. 


Instrumentation in Scientific 
Research Electrical Input 
Transducers 


Kurt S. Lion 

824 pages, $9.50 

McGraw-Hill Book Co. 

330 W. 42nd St., N.Y. 36, N.Y. 


Prof. Lion presents a reasonably com- 
plete collection of existing basic meth- 
ods and systems used as input trans- 
ducers in electrical instrumentation. 
The book is more than just a collection 
of unrelated facts and figures. He has 
established order in a vast field of 
experimental methodology and _instru- 
mentation and provides an organiza- 
tion that permits logical and simple 
grouping of the numerous varieties of 
methods and systems functioning as in- 
put transducers. Each case contains 
the necessary mathematics coupled to 
a simple description of the physical 
mechanisms underlying each method. 

Prof. Lion covers ranges of units 
within the families of mechanical input 
transducers, temperature transducers, 
magnetic transducers, electrical trans- 
ucers and radiation transducers. 

This is the first book we know of 
solely devoted to transducers in such 
detail. Users and designers of trans- 
ducers or systems using transducers 
will find that this reference book will 
minimize their searches for literature 
or information on particular methods 
of achieving results based on trans- 
ducers as well as determining the 
criteria by which the relative merits of 
existing methods and systems can be 
evaluated. This is a book that will be 
well fingered by the staff of E.M.D. 








Classification of Electron Tubes 


J. Haantjes and H. Carter 

100 pages plus 2 tipped-in 

charts, printed in the Netherlands $3.59 
Macmillan Co., 

60 Fifth Ave., N. Y. 11, N.Y, 


The field of applied electronics is y 
wide and the variety of electron tubes 
so great that even professional ¢le. 
tronic engineers find it difficult to keep 
well informed about developments 
within the field and with every mem- 
ber of the vast family of “odes” star. 
ing with the diode and currently reach. 
ing to the octode. Complicating this 
situation is the large family of “trons” 
including klystrons, magnetrons and 
ignitrons—to mention but a few. Find. 
ing your way unaided through the 
labyrinth of “odes” and “trons” is be 
coming well nigh impossible. 

“Classification of Electron Tubes” 
has for its object the clarification of 
some of these problems. And it does 
perform this objective not only with 
clarity, conciseness and organization, 
but with some of the most beautiful 
illustrations that have ever appeared 
in a technical book of any kind. It 
starts out with a brief and simple a 
count of the principal phenomena on 
which the operation of electron tubes 
is based, and continues with a system of 
classifying electron tubes, emphasizing 
their mutual relationships. 

Various kinds of tubes are diagram 
matically illustrated with brief descrip 
tions of the more important types. This 
information is supplemented by cut 
away views of typical tubes and wilh 
an alphabetical list containing shot 
descriptions of the principal membes 
of the family of “odes” and “trons” and 
ends with a comprehensive list of ap 
plications of electron tubes. 


Controlled Rectifier Manual 


255 pages, $1.00 

General Electric Co., Semiconductor 
Products Dept. 

Charles Bldg., Liverpool, N.Y. 


S. W. Gutzwiller, D. V. Jones, Hh 
Lowry, T. P. Sylvan and E. E. Va 
Zastrow of GE’s Application Enginet 
ing have come up with a han Oa 
controlled rectifiers that is indeed! 
contribution to circuit designers 
ing this particular component. Theme 
terial is as complete as it can bel 
the theory and application. And 
out any doubt, it is a tremendous om 
tribution to the better understanding? 
silicon controlled rectifiers. If your 
sign work involves these units, 
can’t spend a buck in a better way: 
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New Electromechanical Components 


for Electromechanical Systems 


multi-Turn Pot 


ining a continuous slide wire re- 


} Cootainin 


dstance element, multi-turn potentiome- 
ters combine the advantages of wire 
with high resolution. Resistance toler- 
ance on a standard unit is 10% and 
linearity tolerance is 0.5%. Power figure 
s 5 watts at 40 C derated to 0 at 100 
(. The 2.6 oz. pot operates from —55 
(with resistance from 2 to 35 ohms. 
Intemational Resistance Co., Phila., Pa. 
Write No. 458 in Box on Inquiry Card 


Wattmeter 


Main elements of an ac-dc wattmeter 
we a locking contact meter-relay and 
amagnetic circuit built around a Hall 
dlect solid state device. Capable of 
both indicating and controlling power 
in the lower milliwatt range, the unit 
ilo is available in modified form as a 
me r.m.s. voltmeter or ammeter, or 
4 a varmeter. The instrument can 
monitor the product of as many as four 
diferent variables. Assembly Products, 
Inc, Chesterland, Ohio. 


Write No. 313 in Box on Inquiry Card 


Clutch and Brake Motors 


Positive clutch and brake will start the 
output shaft of 40 and 80 in.-oz. syn- 
dionous motors in 10 milliseconds or 
kss and stop a 1 rpm shaft within 
V/l0th degree. The brake will hold the 
tiaximum load from reversing the gear 
tin, Two dished spur gears achieve 
iitantaneous clutch action. Hurst 
Mig. Corp., Princeton, Ind. 


Write No. 460 in Box on Inquiry Card 


Angular Position Transducers 


toviding continuous and accurate 
Measurement of angular displacement, 
mull lightweight transducers have pri- 
Maly test application in servo systems 
Maircraft control surfaces, valve posi- 
and radar scanners of limited 
Strain gages, electrically con- 
Méted to form a balanced Wheatstone 
mige, are bonded to a high strength 
forming the internal ele- 
ment of the device. Units are available 
suree ranges of +30°, +20° and 
=W' and can operate on ac or de with 
~ual Stops to prevent damage from 
Wetloads. Baldwin-Lima-Hamilton 
Comp, Electronics & Instrumentation 
Div, Waltham, Mass. 


Wiite No. 312 in Box on Inquiry Card 
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Fans 


Belted axial flow fans were developed 
to simplify the frequent altering of ven- 
tilation systems. A bearing assembly for 
loads to 50 hp is furnished with each 
fan, regardless of initia] hp ordered 
and a universal motor mounting plate, 
pre-drilled for all motor frame sizes is 
available on all fans so that capacity 
may be readily altered. Units operate 
in temperatures up to 350 F and for 
higher temperatures special lubricable 
bearings can be provided. Robbins & 
Myers, Inc., Springfield, Ohio. 
Write No. 320 in Box on Inquiry Card 


Pressure Transducers 


Able to withstand overpressures of 1500 
psi without shift or damage, transducers 
have a sensor design that requires no 
auxiliary cut-off valving arrangement. 
Pressure range is from 0-25 to 0-300 
psi. Units measure 2%” X 3” and are 
available with potentiometric outputs. 
White Avionics Corp., Long Island, 
N.Y. 


Write No. 321 in Box on Inquiry Card 


Temperature Control 


Compact, remote bulb, indicating tem- 
perature control combines accuracy 
and sensitivity over ranges from 100 to 
1000 F. Easy reference between the 
setting and controlling temperatures is 
provided by a single scale with two 
pointers. Unit may be set to control 
and indicate anywhere within scale 
limits and calibration is easily checked. 
United Electric Controls Co., Water- 
town, Mass. 


Write No, 410 in Bcx on Inquiry Card 


Printed Circuit Connector 


Known as the Varitwin-Pin because of 
its twin taper-pin wire terminations, 
a printed circuit connector offers fork- 
like contacts with four coined mating 
surfaces resulting in high contact re- 
liability and low contact resistance. 
The one-piece molded insulator of 
glass-filled diallyl phthalate incorpo- 
rates board guides for easy mounting. 
Polarization of the 24 contact units may 
be utilized in one or more of eleven 
positions by insertion of a polyethy- 
lene polarizing tab; a corresponding 
slot having been milled or stamped in 
the printed circuit module card. Elco 
Corp., Philadelphia, Pa. 


Write No. 317 in Box on Inquiry Card 





Trimmer Potentiometer 


Contact mechanism in a trimmer po- 
tentiometer is a stable Mil-R-94 type 
carbon element. Long spring arms pro- 
vide adequate spring range in limited 
space. Twenty-five turn lead screw 
with clutch stops or an 18 turn lead 
screw with fixed stops are available. 
Power rating is 0.2 watt at 70 C with 
maximum operation up to 125C. Re- 
sistance range is 500 ohms through 1 
megohm (linear taper). CTS Corp., 
Elkhart, Ind. 


Write No. 369 in Box on Inquiry Card 
Thermal Timer 


With two terminals for both the con- 
tact circuit and the heater circuit, com- 
pletely-housed thermal timers can be 
provided with normally opened or 
closed contacts with settings up to 2 
minutes. Contact rating is 100 watts, 
115 volts ac non-inductive load and 
the heater winding is rated at 24 volts. 
George Ulanet Co., Newark, N.J. 
Write No. 454 in Box on Inquiry Card 
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magnetic reluctance 


PRESSURE 
TRANSDUCER 


Ranges: 0.1 to 1,000 psi — Gage, Dif- 
ferential and Absolute. 


Pressure Media: Corrosive liquids or 
gases, both sides, 

Withstands Extreme Pressure Overload. 

Insensitive to Shock and Vibration — 
Not oil filled. 


PACE's Model P1 is designed for low 
and medium pressure applications of 
laboratory accuracy. 
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NEW. 


STEPPING 
SWITCH 


COMAR 
TYPE ACS 


* Economical 
* Compact Size 
* Easily Mounted 


— a om 


Designed for sequence controlling, counting, total- 
izing, scanning and information storage. Modifications 


available for a variety of switching applications. 


SPECIFICATIONS: Operating voltage up to 230 V.A.C.; 
Voltage range, —15% to +10% of rated voltage; Operating 
speed, 300 ppm.; Nominal power, 20 volt-amperes A.C. 
minimum; Contact combinations available, 2, 3, 4,8 or 12 
single pole continuous rotation, for shorting or non-shorting 
steps; Rating, 1 ampere at 115 V.A.C.; Insulation tested 
at 1000 V.R.M.S.; Impregnation to specifications. 


Send for complete details! 


omar 
ectric 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


a 


RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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ELECTROMECHANICAL 
COMPONENTS 





Miniature Switch 


Equipped with an overtravel Plunger 
for cam actuation in rotary 
tions, a miniature switch has gles 
trical and environmental characteris 
tics which meet the requirements of 
MS-25085. Unit is 25/32” long, yr 
thick and .871” high and 
specs include overtravel of § 
minimum, pretravel of 0.015” may 
mum and operating force of Fa 
maximum. Return force is 1 oz, min. 
mum and movement differentia 
0.001” maximum. P. R. Mallory & 
Co., Inc., Indianapolis, Ind. 


Write No. 427 in Box on Inquiry Card : 


Servo Repeater 


Subminiature servo repeater includes 
gear train, motor-tach, control trans 
former, transistorized amplifier and 
power supply. Performance character. 
istics include zero backlash between 
the synchro control transformer and 
output shaft, static accuracy of 0% 
degrees maximum at a 7 minute sy 
chro input, a velocity constant of 500 
degrees per second per degree 
slew velocity of 30 rpm. Designed for 
low cost industrial and military 
plications, the repeater meets Mil E 
5272 B. Input of 115 volt, 400 op 
at 7 v.a. and a size 8, 26 volt achr 
transmitter is required. Orbit Instrv- 
ment Corp., Syosset, N.Y. “ie 
Write No. 428 in Box on Inquiry Cord 


Rotary Thumbwheel Switch 


Multi-deck 2, 10 or 12-position tum 
wheel switches consist of any comp 
tion of binary and digital rotary 
ules manually operated by a single® 
black Delrin thumbwheel. Instant a 
curate readability is provided by ® 
posing only one large clear white@ 
red number at a time through a 0e@ § 
opening. Contacts are precious 
alloy and mounting frames corto’ 
protected aluminum. Chicago Dynaii® 
Ind., Inc., Chicago, IIl. 


Write No. 452 in Box on Inquiry Ce ‘ Z 


Delay Timer 


Hermetically-sealed automatic reset 
lay timers, specifically designed 
extreme ambient conditions, @ 
applicable mil specs. Time cycies 
one second to 60 hours and swite 
ing is five amps at 115/60. Ine 
Timer Corp., Newark, N.J. 


Write No. 318 in Box on Inquiry Card 
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REACTIVE METALS, REACTIVE METAL ALLOYS AND C**MPOUNDS SUCH AS Zr, Hf, Nb, Mo, Ta, Be, V, Y, 
Th and U « Hi-purity powders (80-325 Mesh) ¢ Compacts « Parts Fabrication and Welding * COATED 
PARTICLES AND COATED PARTICLE COMPACTS WITH COATINGS SUCH AS Nb, Ni, Cr, W, Mo, Cu, IN THE 
THICKNESS RANGE OF 2-35 MICRONS e CERAMIC AND CERMET SHAPES SUCH AS THERMAL SHOCK 
RESISTANT ROCKET NOZZLES * VACUUM ARC MELTING—INGOTS OF Zr Be, Ta, W * RESEARC i AND 
DEVELOPMENT; CONSULTATION ON MATERIALS PROBLEMS 


nuclear materials and equipment corporation 


apollo, pennsylvania, u.s.a. 


cable NUMEC - telephone GRover 2-8411 


Cermet Rocket Nozzle 
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put #FEINZE in your designs 


HEINZE 








BLOWER-HEATERS | 





Optional 
flanged 
heater tube 


for WARMING 
and DRYING 


Heinze Blower-Heaters provide con- 
tinuous operation on applications such 
as hot food vending machines; photo- 
graphic dryers; plate and food warmers. 
Heater wattages are available in single 
ratings from 200 to 1200 watts. Heater 
can be thermostatically controlled 
through separate terminals. Coiled wire 
heating element is well insulated to pro- 
tect outer walls. 

DH model includes Type D 2 pole 
shaded pole induction motor. YH model 
is powered by Type Y 4 pole shaded 
pole induction motor. Single units de- 
liver 55 efm; double units, 100 cfm. 
Motors are ew or eew, 115V or 220V, 
60 cycle, 1 ph. Choice of mountings. 











Send coupon for complete technical data. 
| HEINZE | ELECTRIC COMPANY 
685 Lawrence Street, Lowell, Mass. 


SUB-FRACTIONAL HORSEPOWER MOTORS AND BLOWERS 
Heinze Electric Company, Dep't ED 
685 Lawrence Street, Lowell, Mass. 





Please send me literature and prices on Heinze 
Blower-Heater. 


PE EE Beis ciedowneecsccecséuses sdcecceneose 


Street & NO.......ceerccccecccccvcesscceseeces . 


ily Bitte. 0.0 ev cccccccscstdsacescésonsese ence 
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New Electronic Components 


For Electromechanical Systems 


Band-Pass Filter 


Narrow band-pass selective filter op- 
erates over a range from 1.0 to 10,000 


| eps. Frequency is selected by digital 
| selection using a set of four dials. A 


three position gain selector switch per- 
mits gain settings of either —20 db, 
0 db, or +20 db. Maximum selectivity 
is +2.3% to the 3 db down points. Unit 
offers 38 db rejection to 3rd harmonic 
with a maximum attenuation rate near 
the center frequency of 250 db/octave. 
Dytronics Co., Columbus, Ohio. 
Writ> No. 453 in Box on Inquiry Card 


Constant Voltage Transformer 


Sine wave (7% distortion) transform- 
ers output remains constant to within 
+ 1%” with a line variation of 95 to 
130V. Current-limiting feature pre- 
vents excessive fault currents. Unit can 
replace nonregulating transformers in 
step-up or step-down service and is 
hermetically sealed for application at 
elevated temperatures. Freed Trans- 
former Co., Inc., Brooklyn, N.Y. 
Write No. 330 in Box on Inquiry Card 


Printed Circuit Resistors 


Miniature wire-wound resistors, base 
mounted with two parallel leads, need 
only an area equal to their circumfer- 
ence for mounting purposes making 
them especially suitable to meet power 
requirements in printed circuits. Sili- 
cone coating maintains stable perform- 
ance under adverse environmental con- 
ditions. Units are available in 4 watt- 
ages, 3, 5, 7 and 10, and in 5 sizes 
ranging from 9/16” x 3/16 to 1-25/32 
x 3/8”. Tolerance range is from 0.05% 
to 3% and resistance ranges from 0.05 
to 175K ohms. Dale Products, Colum- 
bus, Nebraska. 
Write No. 407 in Box on Inquiry Card 


160 mc Power Mesa Transistors 


Two Mesa transistors, the 2N1561 and 
2N1562, producing % watt power at 
160 me are designed for high power 
output amplifiers in VHF applications. 
They can be used in two-way pocket 
radios, sonobuoy transmitters, teleme- 
tering and similar devices. Possessing 
a collector current capability of 500 
ma, the cold-welded copper package 
insures very low internal temperature 
gradients. With a heat sink, they dis- 
sipate up to 3 watts at 25C case tem- 
perature and meet Mil-S-19500 specs. 
Motorola Inc., Phoenix, Ariz. 
Write No. 416 in Box on Inquiry Card 


Time Code Generator 


Time correlation of data recorded by 
various instruments is accomplished 
a solid state time code generator, Tyy 
outputs are in de level shift and mod. 
ulated 1000 cps carrier form. Thirh. 
six-bit code indicates time of day and 
day of year and is read out once 
second at a 100 pps rate. Unit employs 
a “leap year switch” to provide for the 
extra day every four years for long 
duration timing programs. Elec. Eng, 
Co., Santa Ana, Calif. 


Write No. 448 in Box on Inquiry Card 
Magnetic Heads 


Integral interlace magnetic heads pro. 
vide more efficient use of tape and 
maintain critical relative azimuth and 
spacing between two gap lines. The 
interlace construction nearly doubles 
the number of channels which can be 
recorded on a given tape width. High- 
er signal-to-noise ratio is attained due 
to the wider track or increased wind- 
ing made possible by interlacing anda 
greater amount of shielding can be in- 
serted in the head, reducing crosstalk 
to a minimum. Two gaplines are paral 
lel within 5’ and spacing between gaps 
is held to +0.001-in. Clevite Com, 
Cleveland, Ohio. 
Write No. 404 in Box on Inquiry Card 








Voltage-Tunable Magnetrons 


Bowl-magnet design for voltage 
tunable magnetrons is part of the 
current trend to smaller and lightet 
tubes. It can presently be applitt 
to any of General Electric's magit 
trons operating in S-, L- and ® 
bands. An example is the 2-0 





megacycle frequency range. Weigl 
is 1.5 pounds and the diameter 
slightly over three inches and height 


Electric Co., Schenectady, N.Y. 
Write No. 542 in Box on Inquiry Card 
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THIS IS YOUR 
FIRST LOOK AT CEC’S TWO 
NEWEST CONNECTORS 


Coaxial Load 

for use with balanced duplexers in 
radar systems, a coaxial load in 
1%” 50 ohm EIA line, can dissi- 
pate an average power of 20 watts 
at 20 KW peak. Unit provides a 
maximum VSWR of 1.2 over a 
range of 400-450 mc. Designed as 
an expendable component, it is 
being sold at a relatively low price. 
Bomac Labs, Inc., Beverly, Mass. 


Write No. 341 in Box on Inquiry Card 


ape and 

uth and) Power Transistor 

es. The} giicon transistor has a high frequency 
doubles mument gain of a minimum of four at 
can be} sx megacycles and also a dec current 

th. High- gin of 45 at one amp. Designated 

ined due} 9N1660, the unit has a power output of 

ed wind-} §5 watts and operates within a temper- 

ganda} sure range of 65 to 200 C. Raytheon, 

an be it} Semiconductor Div., Waltham, Mas. 
crosstalk Write No. 339 in Box on Inquiry Card 


are paral 


veen $4} Micrometer Reference 
ite Corp, Transformer 
leo suppression of all or part of a 
Cord primary signal can be accomplished 
wih a micrometer reference trans- 
former. Designed for incorporating 
4 a circuit using linear variable 
tial transformers, the unit can 
be used as a zero adjust or zero sup- 
Pesion device allowing sections or 
itions of an input signal to be ex- 
: to read full scale, thus per- 
more critical examinations of 
parameters. The instrument may 
:. be used as a control point setting 
{ device , calibrated to operate at any 
desired value of an input variable, and 
Banull-balance device in conjunction 
a vacuum tube voltmeter to make 
ple manual null-balance measur- 
M system. The micrometer reference 
tisiormer consists of a small alumi- 
ame and a micrometer anvil rod 
wnich is mounted the core of the ——w 2 
variable differential transformer. : se ee 
iisformer assembly is mounted in a  « » for easy crimping, insertion, and 
molic block which is adjustable rela- y removal of contacts is available. 
eto the frame. Units include neces- 
for accurate indication of 


Mat Position and transformer adjust- Xe ee Electro Mechanical 
M& Schaevitz Engrg. Co., Penn- i = vs Instrument Division 
n, N.J. oe 


CONSOLIDATED ELECTRODYNAMICS pasadena, california 
Belle Howell 









A complete line of accessory tools 











WHAT IF YOU GET NO WARNING 
UNDER SHOCK? 


Vibration is one of the cruelest enemies of 
pressure switches. The unit that performed so 
well in the lab can have its insides shaken 
apart when the cps hit 2,000. 

The only sure way to lick the problem is to 
run a pressure switch through tests that dupli- 
cate every known operating requirement. 

Take Model 6885 shown at right that can, 
among other things, operate relays. Integral 
vibration isolation between mounting bracket 
and switch body makes possible exceptional 
performance under shock and vibration. At 
vibration levels through 2,000 cps, it has a 
burst pressure up to 7,500 psi in temperatures 
from —75°F. to 250°F. Its accuracy is +4% 
at 800 psi actuating range under all conditions. 
It weighs only 10 oz., measures 334” to 434”. 

Do it yourself. Take one of our Model 
6885 units and run it through six weeks of 
testing as we did. 

Or save six weeks by asking for our test 
data on a full line of pressure switches and 
choose the units that fit your needs best. Call 
Mr. Charles Colt at Consolidated Controls, 
Bethel, Conn. Phone Pioneer 3-6721. 


CONSOLIDATED CONTROLS CORPORATION 


BETHEL, CONNECTICUT 
INGLEWOOD, CALIFORNIA 





Inches of Water 
to Hundreds 
of Atmospheres 


Model 6885 shown above is one of 


more than 300 pressure switches 
available from Consolidated Con- 
trols for missile, aircraft and nu- 
clear applications. Working pres- 
sures range from 10” of water to 
10,000 psi at ambient tempera- 
tures from —65°F to 1000°F. 
Standard models for 

¢ high vibration 

« differential pressures 

« hydraulic 

* miniaturized applications 

« high temperature 





, A Member 
of The Condec Group 
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ELECTRONIC 
COMPONENTS 








Tuning Fork Oscillator 


Frequency standard employs a piezo. 
electric tuning fork assembly in ggp 
junction with a highly efficient dry 
circuit. Instrument is complete wih 
power supply for operation from ]5 
volt, 60 cps line. Accuracy is +0j¢ 
at 25 C. Industrial Test Equipment Gp, 
New York, N.Y. 
Write No. 340 in Box on Inquiry Card 


impedance Comparator 


Impedance-measuring system compares 
a resistor, capacitor or inductor with g 
standard sample, indicating directly op 
panel meters the magn‘tude and devia. 
tion of impedance difference and 
phase-angle difference between them, 
The instrument consists of a signal 
source, a bridge and detecting circuit, 
Accuracy is 3% of the full-scale value, 
thus impedance difference can be 
measured to +0.003% on the most sen- 
sitive range and phase-angle difference 
to 0.00003 radian. General Radio Co, 
West Concord, Mass. 
Write No. 402 in Box on Inquiry Card 


Hi-Speed Magnetic Memories 


Making use of thin magnetic films, 
memory units consist of glass rods 0.010 
in. in dia., electro-plated with a mag 
netic alloy and wound with many smal 
coils. Packages can contain 768 bits or 
other capacities; several small uit 
may be combined into a modular sy 
tem. Complete read-write cycle, inclut- 
ing access time, requires only one mi 
crosecond; units have been built to op 
erate with a 0.5 microsecond cycle 
One intended to operate in 0.25 mico 
second is being developed. The mi 
elements operate over a_temperalult 
range of —100 to +200 C without » 
preciable change in switching chant 
teristics. Nat. Cash Register Co., Ha 
thorne, Calif. 
Write No. 510 in Box on Inquiry Cord 





Silicon Mesa Transistor 


Designated EIA 2N752, general pi 
pose mesa transistors developed for# 
small signal applications to 200 me,# 
recommended for severe enviro 

conditions. Units exhibit high gail# 
collector—emitter currents up 1 10 
ma. Dissipation is 300 mw in freea 





leakage current is five microampyey 


+150C and collector-base capacita 
5u. National Semiconductor 
Danbury, Conn. 

Write No. 300 in Box on Inquiry Cord 
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Announcing a new series of 
size & servo components designed for 
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BAD's new line of Size 8 servo 
gmponents are designed to meet 
the extreme environmental condi- 
fins and the reliability required 
by today’s advanced control sys- 
ims. From a family of six basic 
wits, the design engineer has the 
ection of servo motors, inertially 
damped servo motors or servo 

motors with tachometer generators 
a fr “hi-T” or “lo-J”’ system needs. 
adio Co, 


Aswith all EAD components, these 
motors can be modified, if neces- 
wy, and can be supplied with 
iwide variety of integral gear 
reductions. 
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‘68 bis | ICAL CHARACTERISTICS 
mall units 


rdular sys 126 volts per phase, 400 cycles 
cle, includ: } sill power per phase (watts): 


ly one mi- 

silt to op hi-T 3.0 

ond cycle. lo-J 2.8 

).25 micro 

~The ml | Max. power output (watts): 
empentis | hie 40 

vithout a } 
me | (28 


Co, ia ‘Sie 8 diameter : .750” 
sry Cod f tMts MIL-E-5272, MIL-E-5400. 


Ambient temperature: —55°C to 
7ia5°c. 
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FAD 7)» EAS 


353 CENTRAL AVENUE. 





hiT 


Embraces high torque/ 
watt ratio and adequate 
acceleration characteris- 
tics. Stall Torque, .35 
oz-in.; Rotor inertia, .66 
gm.-cm2; Acceleration, 
37,000 rad./sec.2;.No load 
speed, 6500 rpm; Damp- 
ing coefficient, 36 dyne- 
cm-sec/rad.; 3.0 watts/ 
phase @ stall. 


hiT 


Stall Torque, .35 oz-in.; 
Rotor inertia, .72 gm.- 
cm?2; Acceleration, 34,400 
rad./sec.2; No load speed, 
6200 rpm; Damping 
coefficient, 38 dyne-cm- 
sec/rad.; 3.0 watts/phase 
@ stall; Gen. output, 
-250 v/1000 rpm; Phase 
shift, +10°; Null voitage, 
10 mv.; Gen. input, 1.7 
watts. 


hiT 


Stall torque, .35 oz-in.; 
Rotor inertia, 1.0 gm.- 
cm.2; Acceleration, 24,- 
700 rad./sec.2; No load 
speed, 6000 rpm; Damp- 
ing coefficient, 39 dyne- 
cm-sec/rad.; 3.0 watts/ 
phase @ stall; Flywheel 
damping, 60 dyne-cm- 
sec/rad.; Corner freq., 
.98, 2.8 and 18.5 cps. 














today’s high performance systems 
® 


oY i Or lo-J 


(LOW INERTIA) 


SERVO MOTORS | 


lo-J 


For low time constant 
and fast response to 
input signals in systems 
requiring max. torque/ 
inertia. Rotor inertia, .17 
gm.-cm2; Acceleration, 
104,000 _ rad./sec.2; No 
load speed, 6500 rpm; 
Damping coefficient, 26 
dyne-cm-sec/rad. Stall 
torque, .25 oz-in. 






lo-J 


Rotor inertia, .23 gm.- 
cm2; Acceleration, 77,- 
000 rad./sec.2; No load 
speed, 6200 rpm; Damp- 
ing coefficient, 27 dyne- 
cm-sec/rad.; Gen. output, 
.250 v/1000 rpm; Phase 
shift, +10°; Null voltage, 
10 mv.; Gen. input, 1.7 
watts. Stal! torque, .25 
oz-in. 


SERVO MOTORS with INERTIAL DAMPERS 


lo-J 


Rotor inertia, 54 gm- 
cm2; Acceleration, 32,- 
700 rad./sec.2; No load 
speed, 6000 rpm; Damp- 
ing coefficient, 28 dyne- 
cm-sec/rad.; Flywheel 
damping, 60 dyne-cm- 
sec/rad.; Corner freq., 
-77, 2.8 and 16.4 cps. 
Stall torque, .25 oz-in. 








SEND FOR COMPLETE 






TECHNICAL DATA 


TERN AIR DEVICES, inc. 


SUBSIDIARY OF NORBUTE CORPORATION 
DOVER. NEW HAMPSHIRE 
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Temperature Controls 
for Industrial, 
Aircraft, Marine, 
Special Purpose 


S 
he 


APPLICATIONS: Unlimited. For 28 years, we have been 
designing and manufacturing controls to fit individual needs. 


MEDIUM: Air, liquid or hotplate. 
RANGE: — 150 to +650°F, adjustable. 
SENSITIVITY: +.5°F and up. 


SWITCHES: Normally closed, open or double throw. Manual 
reset, high ambient and others available. 15 or 20 amps. 
115/250 Volts AC. Also DC. 


TYPES: Local mounted, remote bulb, skeleton or enclosed, 
calibrated or uncalibrated, single or multi-switch, indicating, 
explosion-proof, minimum size and special purpose. 


OPERATION: Precision-made, liquid filled bellows combine 
with full rated snap-action switches for quick, accurate 
response to temperature change. 


For further information request Condensed Catalog #400. 


UNITED ELECTRIC 


CONTROLS COMPANY 
88 School St., Watertown, Mass. 
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SOUTHWEST 
do 44 


SELF-ALIGNING 
BEARINGS 


PATENTED U.S.A. 
All World Rights Reserved 


PLAIN TYPES 









CHARACTERISTICS 
ANALYSIS RECOMMENDED USE 
Stainless Stoo! Boi or types cere tae high 
and Race degrees F.). 


For types operating under 
Q Shirmeyitlex Seo! | Nien redial ultimote loot 


( -893,000 Ibs.). 
3 Bronze Race and For types operating under 
Chrome Stee! Ball normal loads with minimum 
friction requirements. 


Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Rod end types in similar size 
range with externally or internally threaded 
shanks. Our Engineers welcome an opportunity 
of studying individual requirements and pre-* 
scribing a type or types which will serve under 
your demanding conditions. Southwest can 
design special types to fit individual specifica- 
tions. As a result of thorough study of different 
operating conditions, various steel alloys have 
been used to meet specific needs. Write for Engi- 
neering Manual No. 551. Address Dept. EMD-60 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORMIA 
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POWER 
SWITCHING 
A BOTTLENECK? 










$-316, 10 amp relay for 
long-life, reliable power 
switching! 


The Series S-316, 10 amp relay is engi- 
neered for long-life—designed to operate ‘ 
for more than 2,000,000 cycles—with | 
reliable power switching operations in 
aircraft, missiles, ground-support equip- 
ment, and wide industrial applications 
demanding true performance. 










r 
This new power switching relay is another 


development in U.S. Relay-Electronics’ 
complete line of quality relays and pack- 
aged-circuit controls— tailored to meet 
b your exacting requirements. 


Check ()/) these features: 


yY Resistive contact loading: (28 VDC 
and 115V 400cps) 10 amperes 


yY Temperature range: —70°C to 
+120°C 

Choice of enclosure and 
mounting styles : 
Maximum weight: 4.64 ounces 
Operate time: 20 ms ; 
Maximum release time: 15 ms 

Meets MIL-R-6106C specification 


E Excellent for use in corrosive and other 
severe industrial environments. 





TT. 


es Sa 








Certified test reports available on request 4 


USRAE 


U.S. RELAY-ELECTRONICS 
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For Your 3-Ring Binder 


NEW DATA SHEETS 


For your free copy of the data sheets listed on this page, 
enter the appropriate number of the item on the Inquiry Card. 





521 


Four page summary brochure on leadscrew 
actuated potentiometers summarizes key in- 
formation on sixteen standard models includ- 
ing resistances, terminal types; power ratings, 
operating temperatures and dimensions. Cut- 
a-way drawings of three models illustrate the 
internal construction and show design fea- 
tures. Bourns, Inc., Riverside, Calif. 


Potentiometers 


Subcarrier Oscillator 385 


Consisting of an _ electronic commutator, 
carrier amplifier, subcarrier oscillator, and 
discriminator network, solid state telemetry 
band unit has the following important 
characteristics: no warm up time; an overall 
system drift as low as +0.5 percent over a 
24 hour period and a wide temperature range 
for a five volt input level; a signal linearity 
of less than +0.5 percent; the practical utiliza- 
tion of an unregulated power source—a varia- 
tion of power supply voltage of 10 percent 
will produce less than a 0.05 percent frequency 
change. Solidtronics Div., Electrosolids Corp., 
Van Nuys, Cal. 


Fusion Sealed Resistor 384 


Made by fusing a metallic-oxide film into the 
surface of glass rod, then encapsulating the 
assembly in glass, a glass-enclosed resistor 
defies absorption and has high resistance to 
damage from vibration. %-watt and 44-watt 
resistors which exceed performance require- 
ments of MIL-R-10509C, Characteristic B, 
have resistance range of 100 ohms to 360K 
ohms, voltage rating of 250 and 300 v. Corn- 
ing Electronic Components, Corning Glass 
Works, Bradford, Pa. 


Fastener 571 


Cam-Bolt, a special fastener, is designed for 
use where the strength of a bolt is required 
but where fast opening and closing is desir- 
able. One simple adjustment at the time of 
installation insures a constant leak-proof seal 
of any predetermined pressure, thus eliminat- 
ing the need for a torque wrench to insure 
uniform closing pressure. Simmons Fastener 
Corp., Albany, N.Y 


Gears 380 


Designed to meet all industrial power drive 
requirements, stock and special gears, both 
1442° and 20° pressure angle styles, are de- 
scribed in brochure which contains informa- 

tion on bevel, helical, miter, worm and spur 
ears as well as steel racks. The Ohio Gear 
o., Cleveland, Ohio. 


3-Way Valves 379 


Three way valves for air, oil, water, gas, 
chemical or vacuum service have operating 
— of 0-250 psi, pipe sizes of 14-1 inch. 
ulletin describing these valves supplies speci- 
information, outstanding 
Airmatic Valve, 


fications, ordering 
features and dimension. 
Inc., Cleveland, Ohio. 


Nuclear Instruments 425 


Nine nuclear instruments now available are 
stable microammeter, high-voltage power 
supply, log-N period amplifier, log count rate 
meter, log count rate meter with period, 
linear count rate mdgdf, preamplifier, flux 
amplifier and actuator amplifier. These are 
described in 4-page bulletin along with a 
wide range of instrumentation system-design 
services. G.E., Schenectady, N.Y. 





Spring Pins 572 
Ten page technical data material defines ang 
describes coil spring pins, called Spir, 
Characteristics include uniform flexing com. 
pression and shock absorption. The pin Coils 
conform radially with any shape hole and 
conform lon pneeneny with the hole wall 
throughout the pin length. C. E. M. ¢% 
Danielson, Conn. 7 


Speedomax H Range 


Conversion 374 


A guide to selecting the necessary components 
oo wr prninagge ec etc.—to 

e range of any standard Speedo 
instrument, this bulletin contains ‘_ 
table, listing the basic items uired to 
change range (1) for the same type o' primary 
element, or (2) from one type of p 
element to another (e.g., ermoco! 
Rayotube detector). Individual tables ¥ 
specific part numbers of scales, charts, @ 
for each type of range. Wiring diagrams: 
simplify electrical connections are also lig 
Leeds & Northrup Co., Philadelphia 44, 










































Unitized Modules 


Basic electromechanical components 
signed as modules and assembled in at 
package. Packages may be compe 
synchros, servo motors, magnetic clu 
brakes, spring return devices, ' 
switches and precision potentiometers. 
describes how the units provide mi 
light, reliable systems. Technology 
Corp., No. Hollywood, Cal. 


High Temp Processing 
Problems 


First in a series of high temperature 
tions bulletins offering indus detaile 
mation on the use of ceramic tooling mat 
at elevated temperatures, this bulletin” 
the BS pe: application of a 2000F matem 
an soldering application where the 
terial offers unique characteristics \ 
in this type of high temperature process: 
heat resistance, low thermal ex 
and non-wettability by molten solder 
Photo depicts a fixture arrang 
soldering a magnet assembly giving 
on RF coil design, fastening and 
methods used. Duramic Prods., Inc., 
Park, N.J. 


et 
Palisades 


Miniature Ball Bearings 31 


Junior catalog covers dimensional data, if 
factors, ball sizes and weights of sealed mi” 
open radial, flanged radial and_pivo +o 
miniature ball bearings in RBM _ line. 

interesting feature is a listing of other eal 
manufacturers’ catalog numbers, giving ha | 
sign engineers a means of kno mat 
manufacturer has a available ott 
specific specs. Landis & Gyr, Inc., New 


Control Systems and 310 
Components 


Developed as an aid to manufacturers con: 
sidering automatic controls for the convenes ee 
of existing equipment and the control 
equipment, this folder contains informatio 
on point-to-point control systems, 
trol systems, and ‘fractional and ini 
orsepower servo systems as W 
stem components. Seneca Falls Maclilt 
o., Seneca Falls, N.Y. 
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